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Upon looking through many electrical power plants which 
were erected more than seven or eight years ago, it will be 
found that most of them were erected without any idea as to 
the growth that was in store for them, with the result that 
many of these old plants have either been entirely rebuilt or 
else newer power units have been added as necessity demanded. 
In the power plants where the latter method has been used, 
there will usually be found a heterogeneous assortment of 
boilers, feed pumps, engines and ‘dynamos which makes the 
cost of up-keep greater than would be the case if all the en- 
gines were built along the same lines, and often gives the 
operating engineer all kinds of trouble. 

There were several plants, however, built about the year 
1897, which represented a very far-seeing policy and there 
were some designing engineers who realized that modern de- 
mand far power and lighting would be a growing one and con- 
sequently arranged the area of power house, size of boilers and 
engines with a view to the future, so that as far as possible 
all new machinery could be installed along the lines as originally 
planned. One of these plants is located at Paterson, N. J., and 
is to be the subject of this article. Starting with only a few 
boilers and several engines, it today contains eleven engines 
all of the same type, twenty-two direct current generators of 
the same make, ten boilers of the same horse power capacity 
and design, the switchboard has been extended along a spa- 
cious gallery, so that the plant in apperance is as modern as 
those built within the past few years. This shows great fore- 
thought and at the present time, another engine is being in- 
stalled and more boilers are being erected along as near the 
same design as the builders of the original machinery are now 
building them. 

Previous to the erection of this power house, Paterson had 
had some experience of the rapidity with which power could 
be eaten up when available. Situated as it is on the banks of 
the Passaic river, about seventeen miles from New York City, 
many mills took advantage of the proximity of the metropolis 
and cheap water power and located there. Despite the fact 


that every drop of water was made to do its maximum amount 
of work, the capacity of the factories soon outgrew the water 
wer capacity and the demand for electric power became 
‘ominent. 
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Power Plant of the New Jersey Service Corporation at Paterson, N. J. 


A Condensing Plant which contains no Steam Auxiliaries. 


One of the principal industries in Paterson is the manufac- 
ture of silk products and there are several hundred plants de- 
voted to this industry alone. The class of work required by a 
silk mill makes electric drives particularly valuable since each 
machine can be connected with its individual motor and its 
speed regulated according to the kind and quality of the work 
to be turned out. Besides the silk mills, there are linen mills, 
iron works and other factories common to all cities, which 
are supplied with power from the Paterson station. 

The Paterson plant at the present time is controlled by the 
Public Service Corporation of New Jersey and supplies the in- 
candescent lighting, street railway power and street lighting of 
the city of Paterson and vicinity. It is located at Van Houten 
and Prospect Streets, in the central part of the distributing 
system, and is located along one of the raceways from Passaic 
Falls. The building is 384 feet long and 92 feet wide and 
contains in the three story front part, the offices, meter-room, 
store room, general repairs and wire tower. The engine room 
proper is 270 feet long, 92 feet wide and 37 feet high to the 
bottom of the roof trusses. The boiler room is 130 feet by 72 
feet and is arranged so that the boiler room floor is 1514 feet 
lower than the engine room floor. The boiler and engine 
rooms are really in two distinct buildings, the connecting build- 
ing between them being used for the machine shop, oil house 
and pump room. 

The coal used consists of No. 2 Buckwheat with a mixture of 
about 15 per cent. bituminous. The anthracite coal, after being 
weighed in carts, is dumped into a conveyor hopper and con- 
veyed to a 1200 ton storage bin in the top of the boiler room. 
The conveyor, which is of the Hunt noiseless type, after pass- 
ing up and over the top of the boiler room, descends on the 
other side and down underneath the boiler room floor, thus 
completing the circuit. The ash pits under the boilers are so 
arranged that they slope toward the conveyor and are carried to 
it by gravity. The conveyor carries the ashes to an elevated ash 
bin, from which it is chuted into carts and hauled away. The 
bituminous coal is kept on one side of the boiler room and is 
hand-mixed by the firemen. The anthracite coal descends to 
the boiler room floor by means of weighing chutes, there 
being one for each boiler. 

There are ten Stirling boilers in the boiler room, each of 500 









4 THE PRACTICAL ENGINEER. 


November, 19 





horsé power capacity run at 150 pounds pressure. They are 
equipped with Robertson “Common-Sense” shaking grates 
built in quarters, so that each quarter of the grate can be 
cleaned and dumped separately. Each boiler is equipped with 
two 34-inch Crosby pop safety valves, quick-closing gauge 
cocks and the usual fittings. 

Forced draft is used, an 102-inch Buffalo Forge fan being 
connected to a 25 horse power motor. The gases after passing 
through the boiler go through economizers and then out of 
the chimney. The blower set is situated in the pump room 
and is regulated automatically by a Locke damper regulator. 
The arm on the regulator not only opens and closes the damper 
but also regulates the arm of a rheostat. When steam pres- 
same time moves the arm of the rheostat, which in turn in- 
sure drops, the damper regulator opens the damper and at the 








room. At this point the temperature of the feed water is al 
130 degrees. From there it goes to the economizers, wh. 
a temperature of about 260 degrees is attained and at that t 
perature it goes into the boilers. The feed pumps for hand! 
the water are motor-driven and consist of three outside pac! 
triplex pumps of the Deane pattern. They are regulated au 
matically by a Mason belt shifter which operates a rheos'.i 
controlling the pump motor. The belt shifter is moved by ciiy 
pressure water which in turn is controlled by the pressure 
the feed line. In case the raceway should be closed for axy 
reason, a 12-inch centrifugal pump driven by a 65 horse power 
motor is used to supply water to the condensers and feed punips 
and is connected to the Passaic River, which flows a few hui- 
dred feet away. There are also one large Schutte injector and 
two Sellers restarting injectors which can be used for boiler 
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One side of Engine Room showing 750 H. P. Ball & Wood Cross Compound Vertical Engines driving Arc Dynamos. 


creases the speed of the motor which drives the fan and when 
steam pressure rises above the required amount the damper is 
closed and the fan slows down. 

The economizers are located back of the boilers and are of 
the Green type. They are built in sections so that any por- 
tion can be cut out or thrown in as necessary. They are 
equipped with automatic scrapers which are run by a motor. 
From the economizers, the flue gases escape through a brick 
chimney having an internal diameter of 10 feet. The height 
of the chimney is 235 feet from foundation to top and is sup- 
ported by piling driven in the earth on which a five-foot con- 
crete layer is laid. It has double walls for a distance of 130 
feet above the foundation and at every 15 feet a wrought-iron 
ring is set into the brickwork which binds the chimney together. 

The feed water for the boiler is supplied from the raceway 
which runs around the building and first goes through closed 
coiled exhaust steam heaters which are located in the engine 


feed. The boiler feed pumps, blower, centrifugal pump and 
injectors are all located in the pump room, which is situated 
between the boiler and engine houses. 

The engine room is a large, spacious: and airy room and 
contains eleven engines driving electrical generators. At one 
end of the room is the large switchboard gallery and at the 
other end are the injector condensers. The engine room may 
be said to be divided into two parts. On one side are the 
engines which directly drive the electric lighting and street 
railway generators and on the other side are two engines with 
large rope wheels driving a shaft which in turn drives the are 
machinery and alternating current machinery. 

The engines are all of the Ball and Wood vertical cross com- 
pound marine type and operate condensing. There are four 
625 horse power engines in one row which operate the rail- 
way generators. The cylinders of these engines are 18” an(! 
361%” by 24” and run at 150 revolutions per minute. Fac! 
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engine shaft directly drives two 550 volt General Electric 
multipolar generators mounted on each side of engine. There 
are five engines of slightly different sizes in one row which 
operate the electric lighting generators. The smallest engine 











Pump Room showing Electrical Driven Blower and Feed Pumgs. 


is 350 horse power having cylinders 13” and 27” by 18” running 
at 185 revolutions. There is one larger engine 17” and 34” 
by 24”, two more 17” and 36” by 24” and one large one, 
18” x 38” x 24”, all running at 150 revolutions per minute. 
Each engine has two 110 volt direct-current General Electric 
dynamos, mounted on each end of the shaft, outside the engine, 
which are connected on the three wire system. The two 20” 
and 41” by 24” engines, which drive the main shaft, are each 
of 750 horse power capacity and run at 145 revolutions per 
minute. They are each equipped with a rope wheel which 
contains 26 114-inch ropes working on the American system. 

The main shaft drives 12 125-light Brush arc machines, 








One of the 625 H. P. Lighting Units at the Paterson Plant. 


four 500-volt Edison bipolar machines which help out on the 
railway load and two 2200-volt Stanley alternating current 
generators, one of 150 kw. and one of 300 kw. capacity. The 
shaft is made up of sections so that either engine or any 


machine may operate on it by the throwing in or out of a 
clutch. 

The steam from the boilers goes up over the boilers and 
down underneath the engine room floor, there being a large 
pocket on the pipe before it goes under the engine room floor 
which catches all water of condensation which is trapped auto- 
matically. The exhaust steam also is carried in 18-inch mains 
under the engine room floor to eleven Bulkley injector con- 
densers, there being one for each engine. Before going to the 
condensers, the exhaust steam is made to pass through feed 
water heaters of the closed type which are situated between 
each pair of injector condensers at one end of the engine room. 

The injector condensers are located 34 feet above the hot 
well, which is on the level of the tail race of the raceway 
Water flows to the condensers through a 30-inch main under 
a head of 22 feet from the head race, so that after the vacuum 
has been started by city pressure, the vacuum in the condensers 
draws its own condensing water into it. It will be noticed that 
this plant is one of the most ideal it is possible to get, a vacuum 
of 27 inches or more being maintained with absolutely no 
cost of auxiliary machinery, the head race being on one side 





Boiler Room showing 500 H. P. Stirling Boilers, Coal Bunker 
and Weighing Chutes for each Boiler. 


of the building and the tail race on the other, the water right 
having gone with the property. 

The successful working of the injector condensers depends 
to a large extent upon keeping the condensing cone clear of all 
obstacles. The space between the inner and outer cones of the 
condenser is not very great and impurities in the water are 
liable to lodge there unless they are removed from the water 
before it reaches the condensing chamber. Each injector con- 
denser is therefore equipped with a Twin Strainer which is 
located so that it is always accessible from the engine room 
floor. It consists of two strainers, one of which is always 
in action, which allows the one not in use to be readily cleaned 
if necessary without interrupting the vacuum. 

There are two oiling systems used for the engine, one supply- 
ing cylinder oil and one supplying oil for the bearings. The 
system for cylinder oil consists of a tank upon which the city 
pressure is allowed to act and by means of which, the sight-feed 
lubricators at the engines are filled, when necessary, by the 
pressure. The oil for the bearings is supplied from two over- 
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head tanks by gravity, the drip oil flowing to oil filters below 
the engine room floor from where it flows into a receiver tank. 
Compressed air is used for forcing the oil back to the overhead 
tanks. A Westinghouse locomotive air compressor is used for 
supplying compressed air to the oiling system, which also 
supplies compressed air used for blowing dirt out of the gen- 
erators. 

The electric equipment consists of eight multipolar 550-volt 
generators of 225 kilowatts capacity, which are used for the 
raitway load. Two of these generators are connected to each 


engine, one on each end of the shaft, the armatures being over- 


hung. The generators supplying current for the incandescent 
lighting circuits consists of one unit of two 100-kilowatt gen- 
erators, three units of two 200-kilowatt generators, and one 
unit of two 250-kilowatts capacity. These dynamos are also 
of the mutlipolar overhung type, each supplying current at 








stepped up at the station and stepped down at substation, about 
five miles away. 

To help out on the peak of the lighting load, 150 storage bat- 
teries having a capacity of 750 amperes for 8 hours are used. 
They are kept floating on the line. For charging them, a 
Western Electric booster set is employed, which consists of 
a 240-volt motor driving two 60-volt generators, each having 
a capacity of 800 amperes. 

The switchboard is elevated on a gallery at the opposite end 
of the room from the engines and extends across the whole 
width of the building. It may be said to be divided into five 
parts, one for the railway generators and distributing circuits, 
one part for the incandescent light generators and distributing 
circuits, one for the arc machines and circuits, one for the alter- 
nating machines and circuits and one for the storage batteries. 
The board is composed of Tennessee marble and is equipped 











Condensing Apparatus in Engine Room showing Feed Water Heaters, Injector Condensers and Twin Strainers 


110 volts. Since each two generators are connected across the 
220-volt three wire system, each engine with its two 110-volt 
generators makes practically one unit. The street lighting is 
performed by twelve 125-light Brush arc machines and there 
are also four belt driven 100-kilowatt bipolar Edison machines 
which are used for helping out on the railroad load. There 
are two Stanley alternators of 150-,and 300-kilowatts capacity 
which are used for supplying lights along the outside fringe of 
the distribution. They generate voltage at 2200, which is 


with the usual ammeters, voltmeters, recording: wattmeters, 
circuit breakers and rheostats. 

The engine room is spanned by a 20-ton electric Shaw crane, 
which can handle material in any part of the engine room floor. 
All the pipes are covered with asbestos covering. A large 
machine shop is located between the engine and boiler room 
and is equipped with lathes, drill presses, grind stone and other 
machinery which is necessary around a large power house. 

It will be noticed that all the steam generated in the boilers 
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goes to the engines, there being no steam driven auxiliaries 
in the plant. The use of the injector condenser eliminates the 
use of the air pump and circulating pump. The feed pumps 
are run by electric motors, as is also the blower, the machine 
shop, the hoisting crane and other power driven apparatus. 
The steam is therefore utilized on the principle that the large 


units can generate power cheaper than can smaller auxiliaries 
and if any auxiliary power is needed, the power consumed by 
the auxiliary motor, even if greater than would be necessary 
with a steam-driven machine, can be produced at less cost. Mr. 
G. U. Merrill is chief engineer of this plant. He has under 
him a corps of well-trained assistants. 





¢) 
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AIR CHAMBERS FOR PUMPS 


Air chambers are put on pumps for the purpose of equaliz- 
ing the flow of water, and for cushioning, which relieves the 
valves from severe shocks. All single pumps must be fitted 
with an air chamber if a smooth flowing and continuous de- 
livery of the water is desired. If the discharge from a pump 
be intermittent, each successive impulse is equivalent to a 
blow which is felt throughout the whole system and if not 
corrected, leaky joints and broken castings are almost in- 
evitably the result. The largest air chambers are used on 
single-acting pumps and the smallest on double-acting duplex 
pumps. Large air chambers will also enable pumps to work at 
increased speed. 

No particular rules are used in, the design of the shape or 
size of the air chamber. In small pumps, the common prac- 
tice is to use copper air chambers, as shown in Fig. 1. For 
pumps which are highly finished, the form shown in Fig. 2 is 
sometimes used. It is made of polished copper, riveted and 
soldered to a cast-iron or brass base. When larger air cham- 
bers are required, it is customary to make them of cast-iron. 
For medium-sized pumps, the form follows closely that shown 
in Fig. 3, and for large pumps, Fig. 4 represents a form com- 
monly used. 














Fig. 1. Fig. 2. 


For single pumps, double-acting, the cubic contents of air 
chamber should not be less than three times that of the volume 
of the pump cylinder. This is the amount usually allowed for 
with moderate pressures and speeds such as ordinary feed 
pumps and service pumps. In the case of fire pumps, where 


heavy pressures are used, the air chambers should not be less 
than six times the displacement of a single stroke. of the 
pump piston. 


Double-acting duplex pumps require an air 


chamber whose cubic capacity is about one-half to two-thirds 


the above amount. 
The position of the air chamber should be on the highest 


portion of the pump and always above the highest portion of 














pon 





Fig. 3. Fig. 4. 


the delivery opening. Air chambers, for heavy pressures espe- 
cially, should be arranged so that they can be readily charged 
with air, to replace that absorbed by the water. Owing to 
the fact that there is often no device to maintain air in the 
air chamber, many engineers are not in favor of putting air 
chambers on pumps because they soon fill with water and 
become useless for the purpose intended. 

In heavy pressure pumping stations a large tank on the 
end of the delivery pipe often takes the place of an air 
chamber on each pump. Compressed air is forced into the 
top of this tank, so as to prevent the tank from becoming 
filled with water. 





To clean the glass on a sight feed lubricator, remove the plug 
at the top of the sight feed glass and sponge out the inside of 
the glass with turpentine. In doing this, always use a wooden 
stick. Refill the glass with warm water and replace the plug. 
If the glass is cleaned occasionally and care is taken in filling 
and starting the lubricator, there need be no cause for com- 
plaint of dirty glasses, no matter how dense and viscid the 
oil may be. 





An explosion of a boiler, used to wash sand for the city 
reservoirs at Hudson, N. Y., occurred on October 2nd, killing 
three men, one of whom was Benjamin Hermanz, the engineer. 
Several others were injured. 
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LATEST TYPES OF AMERICAN STEAM ENGINES 
The Rickard’s Corliss Engine 


More than fifty vears have passed since George H. Corliss 
built the first Corliss Steam Engine, and since that time there 
has been no engine which has had a wider use in slow speed 
work; and by its consequent economy of steam consumption, 
it has been a potent factor in cheapening the cost of produc- 
At the expiration 
of George H. Corliss’ patent, in 1870, the building of this type 


tion in many factories and power plants. 


of engine was permitted by anyone who chose. This resulted 
in the manufacture of many styles of Corliss engines, among 
which the Rickard’s Corliss exemplifies a design which gives 
close regulation, efficiency, durability, noiseless operation, and 
economy of steam fuel. 





the ease of adjustment of each valve, and the small motion 
and period of rest for the steam valves after closure, which 
diminish the friction of the valve gear, and consequent loss of 
power. 

The Rickard’s Corliss Engine is shown in the actompanying 
illustration, and represents the latest improvement of a type 
which has been in operation from fifteen to eighteen vears. 
The cylinder is made of the best cast-iron, fitted with combina- 
tion safety relief and indicator valves, and brass pipe connec- 
tions. The cylinder relief valves are adjustable, and set to 
relieve the cylinder in case of a sudden rush of water or undue 
rush of steam into cvlinder. The cvlinder is covered with a 


Latest Type of the Rickard’s Corliss Engine. 


The Corliss engine belongs to the type known as an auto- 
matic cut-off engine, in which the steam enters the cylinder at 
nearly the full pressure of the boiler, and when a sufficient 
quantity has been permitted to perform the work required for 
that particular stroke, the valve is closed and no more steam 
is taken from the boiler at the balance of that stroke. The 
steam valves of the Corliss engine are so controlled by the 
governor that only enough steam is admitted that is sufficient 
to do the work under the most economical conditions, and at 
the end of each stroke, the pressure of the exhaust steam is 
very little above that of the atmosphere. The other advantages 
of this type of valve gear are: quick opening of inlet valve: 
the quick closing of the inlet valve, which has the effect of 
enclosing the area of the indicator card by giving a sharp 
corner at the end of the cut-off, instead of a rounded curve; 


cast-iron ribbed lagging, and lined between the cylinder and 
lagging with asbestos. The valves are made of cast-iron with 
large wearing surfaces, and are self-adjusting, as they may 
become worn. The valve-seats in the cylinder are bored out, 
and the faces of valves and seats are carefully fitted to each 
other. The valves are fitted to adjustable stems by means of 
a slot, made the whole length of the valve, to receive the valve 
stem. The valve stems have a flange on each end of the stem 
to hold the valve securely in place. Either valve may be taken 
from its seat and withdrawn from valve port without disturbing 
the valve gear, by simply unscrewing the four ntits which hold 
the back bonnets in place. The valve gear is fitted with a 
patent disconnecting device, and can be easily worked by hand 
under ordinary pressures with the hand bar. By means of 
this device. all that is necessary to disconnect the rod is to 
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depress the hand lever, and to make the connection again it is 
only necessary to raise it to a vertical position, when the keys 
will snap into place as soon as they will come fair with the 
slots in the rod. This operation can be done with one hand. 

The steam valves are operated by an improved releasing 
gear, all parts of which are exposed to view and accessible 
while the engine is in operation. All the rods connecting the 
valves to the wrist plate are made so that their lengths may 
be adjusted, and each valve can be set properly, without inter- 
fering or disturbing the adjustment of any other. These en- 
gines are fitted with vacuum dash cups, which are mounted on 
a projection cast on the side of the bed plate, and bringing the 
dash pots on the engine room floor within easy reach. The 
piston is made solid and cast hollow and ribbed, and is fitted 
with self-expanding rings made of cast-iron, and cut in seg- 
ments, lapping each other to break joints. The adjustment 
of pressure of the piston rings is effected by German silver 
elliptical springs attached to each segment, so arranged that 
an equal pressure is exerted against the bore of cylinder. The 
elasticity of the springs is not impaired by the temperature of 
the steam, and they do not corrode. The piston is fastened to 
the piston rod by being forced on by hydraulic pressure, and 
riveted or screwed by a nut. 

The crosshead is fitted with shoes adjustable by inside wedges 
and adjusting screws. The shoes are fitted over the body of 
the crosshead at each end, the front end being provided with an 
interlocking plate, which admits of the shoes being easily re- 
moved. The crosshead pin is of steel, and is fitted and keyed 
in the head. Wearing surfaces of the shoes are filled with 
Babbitt metal. The piston rod is fitted to a taper hole in the 


hub of the crosshead, and secured in place by a steel cross 
key, or if desired, the piston rod is threaded and screwed into 
crosshead and secured by a heavy nut. The connecting rod is 
made of hammered steel. The crosshead end is made solid, 
while the crank pin end is fitted with stub end and strap joint 
made of forged steel. The boxes are made of composition of 
copper and tin, and the crank pin box is lined with Babbitt 
metal. 

The governor is built to insure close regulation of speed. 
It is of the fly-ball type with centre weight and ball bearings, 
and is equipped with an oil pot to give steady motion to the 
governor. It is also fitted with an automatic safety stop, by 
means of which the engine is stopped in case the governor 
belt breaks or the engine exceeds a certain limit of speed. The 
frame is of the girder type, which is supported under the for- 
ward end guides, and is designed so as to bring the line of 
strength as nearly as possible in line of greatest strain, making 
the engine equally rigid when running over or under. The 
bed plate covers the entire type of the foundation, and has a 
rest rib around the outer edge to retain all tripping. The fly 
wheel is made in halves, which are bolted together, turned on 
the face for driving belt, and bored and fit on the crank shaft. 
The cylinder is equipped with a sight feed lubricator, and the 
bearings are fitted with sight feed oil cups. A centrifugal 
oiler and stand is furnished with the crank pin and a wiper 
cup for the crosshead. 

These engines are having an extended use in the eastern part 
of the United States and are manufactured by the Corliss 
Engine Works, 4041 N. Fifth St., Philadelphia, Pa. 
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SOME PRINCIPLES OF HYDROSTATIC PRESSURE 


A subject which invariably causes discussion among en- 
gineers, whenever brought up, is that pertaining to the pres- 
sure of water within a tank. That there should be such a 
variety of opinion, upon what would seem to be a simple sub- 
ject, is usually caused by a misunderstanding of the kind of 
pressure meant and the mixing of the definition of the units 
involved. 

That division of hydraulics which treats of the pressure of 
water when at rest is called hydrostatics and its laws depend 
upon the remarkable property of water to transmit pressure. 
For instance, if a pressure is applied at one point of the sur- 
face ef water in a closed vessel, the effect of the applied pres- 
sure is to cause an equal pressure of the same intensity to be 
exerted in all directions upon all parts of the enclosing sur- 
face. This is because water is a perfect fluid and its particles 
transmit the applied pressure perfectly because there is no 
internal friction between them. 

As an illustration, suppose, in Fig. 1, B is a tank filled with 
water having an opening at a which is filled with a piston on 
which there is a weight of 10 pounds. If the area of the piston 
be one square inch, then the pressure acting down on the water 
is 10 pounds per square inch. This force is transmitted equally 
in all directions and every square inch of the interior of the 
tank has a pressure of 10 pounds per square inch upon it. 

This principle is practically applied in the hydrostatic press, 
where the force applied to a small piston is exerted through the 


water and produces an equal unit pressure upon every point 
on the large piston. It can thus be seen that the force can be 
multiplied to any extent by merely increasing the area of the 
large piston. The work performed, however, cannot be greater 
than that given to the water by the small piston. Referring to 
Fig. 2, let a represent the area of the small piston in a hydro- 
static press and let A represent the area of the large piston. 
If p represents the pressure per square inch applied at a, then 
the total pressure on the small piston is pa and on the large 
piston pA. 

If there is no loss of energy, the work given out by the small 
piston will equal the work absorbed by the large piston; or, 
let the distance through which the small piston moves be d 
and that through which the large piston moves D, then since 
work is the product of force times distance, the work done 
upon each piston is pad and pAD, and since these must be 
equal, neglecting friction, pad = PAD or, ad = AD. Conse- 
quently, since a is small compared with A, the distance D 
must be small as compared with d, and represents the maxim: 
“what is gained in force is lost in velocity.” 

The same principle applies to water whose surface is free, 
as the pressure which is exerted by gravity causes every par- 
ticle to be a state of stress due to the weight above it. The 
surface of water at rest is perpendicular to the direction of the 
force of gravity and any vertical depth below the level surface 
is called the head. To find the unit pressure upon any surface 
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at a given depth, let h be the head, w the weight of a cubic 
unit of water and p the unit pressure, then, 
p= wh. 
The value of w varies slightly with the temperature but for all 
practical purposes it is taken as weighing 62.5 pounds per cubic 
foot. If p is then required in pounds per square foot and h is 
taken in feet, the formula becomes 
p = 62.5 h 

or if the pressure in pounds per square foot is known and h 
is required, the formula becomes 

h=0.016 p. 
In practical work, however, it is more usual to express the 
value of p in pounds per square inch, in which case the pres- 
sure becomes 1-144th as much, since there are 144 square 
inches in one square foot, or, 

p = 0.434 h, 
and the value of h becomes, if the pressure per square inch is 
known, 

h = 2.304 fp. 
That is, one foot head is equal to 0.434 pounds per square inch 
or one pound per square inch is equivalent to 2.304 feet head. 
If the pressure in a boiler is, therefore, 100 pounds per square 
inch, it is the equivalent of having a head of water on it of 
230.4 feet. 

In discussing the question of pressures in general, it is gen- 
erally the normal pressure on a surface that is misunderstood. 
By the normal pressure is meant the pressure perpendicular 
to the surface and is obtained by finding the area of the sur- 
face, multiplying it by the head upon its centre of gravity and 
the product by the weight by a cubic unit of water. That is, 
if P = normal pressure, w = weight of a cubic unit of water, 
A =area of surface considered and h = head of water on 
centre of gravity of the surface, then 

P= wAh, 
This rule applies to all surfaces, whether flat or curved, and 
if A is taken as the area in square feet and h the height in feet, 
then w will equal 62.5 and P will be the total normal pressure 
on the surface in pounds. 

















Fig. 1. 


If it is necessary to find the normal pressure on the interior 
of a vertical cylinder, say 6 feet in diameter, and filled with 
water 20 feet high, the formula becomes: 

P = 62.5 X 3.1416 X 6 X 20 X 10 
= 235620 pounds, 
which is greater than the weight of water because the weight 


only acts downwards while the normal pressure acts in all 
directions. The normal pressure on the bottom of the cylinder 
is equal to the area of the bottom multiplied by the head of 
water since the centre of gravity of the bottom lies in its own 
plane. From this it can be seen that the normal pressure on 

















Fig. 2. 
the bottom of any vessel does not depend upon the shape of 
the vessel but upon the depth of water in it. 
While the value of the normal pressure may not often be 
used in practical problems, it is sure to become a subject of 
discussion when pressure in tanks is mentioned. 


0). 
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Single-Phase Electric Locomotives. 

One of the most radical departures of present railway practice 
is that which is about to take place on the New York, New 
Haven and Hartford Railroad. This railroad company has 
recently placed an order for 25 single-phase electric locomotives 
to cost $30,000 each, the locomotives to be used for high-speed 
service. They will each weigh approximately, 78 tons, and 
will be capable of maintaining a schedule speed of 26 miles an 
hour in local service, when hauling a 200-ton train and making 
stops every 2.2 miles. In express service, a speed of from 60 
to 70 miles per hour can be maintained with a train weighing 
250 tons. To handle heavier trains, two or more locomotives 
will be coupled together and controlled from the forward cab 
by the multiple-unit control system. 

The motors will be of the single-phase commutating type, 
which can also be used with direct current. The locomotives 
will thus be able to operate over the direct-current section of 
the New York Central Railroad, which is now being installed, 
and will operate on the alternating single-phase system on its 
own lines. 

Each locomotive will be equipped with four gearless motors 
and with the unit-switch system of multiple control. The 
motors will be permanently connected two in series; on direct 
current, the pairs of motors will be operated in series-parallel 
and on alternating current by voltage control. The motors 
will be spring supported and connected by a flexible drive in 
such a way that all dead weight will be taken from the axles. 
Each motor will be capable of developing an output of 400 
horse power on direct current. 


0). 
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The belt wheel of a 22” x 42” Allis engine recently burst at 
Akron, Ohio, leaving only the hub on the shaft. The engine 
belonged to the Northern Ohio Traction and Light Co. and the 
accident was caused by the engine running away. Every 
spoke and all the rim were thrown outside the power house, 
some pieces traveling a distance of 500 feet. One piece came 
down through the car-barn roof and struck a rail, breaking 
the rail in two. The wheel was 17 feet in diameter with a 
30-inch face. 
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COMPRESSION IN 


ENGINE CYLINDERS 


Experimental Determination Leads to Best Results. 


By Cuas. J. Mason. 


We frequently see articles relating to compression in engine 
cylinders, in which the opinion of many engineers is voiced, 
and yet in some respects the long discussed subject seems to 
be no nearer settlement than ever. The champions of com- 
pression and non-compression put up real good arguments for 
and against respectively, so that to the mind of the average 
reader there still lingers a doubt as to what to believe and with 
whom to side. It seems to me that no hard and fast rule can 
be given to suit all cases and conditions. I really believe that 
in the. majority of cases the tendency is toward a too high com- 
pression, and if it were reduced I think that an all-round im- 
provement would be felt. In spite of all theories advanced 
for or against compression, the best way to determine whether 
or not a given engine should have compression, is to actually 
try the engine under the two conditions for a sufficient period 
of time, and note results in each case, and compare one with 
the other. If the trials show that with a minimum compression 
the engine runs quiet and easy, and at the same time consumes 
less steam to do the same amount of delivered power than when 
the compression is greater, then there could hardly be any 
ground for argument, and for that particular engine a minimum 
compression would be the rule. I say minimum compression, 
for I do not think that exhaust valves should be so adjusted, 
that they just close at the same time that the steam valves 
open. In short, I believe that the rounding of the compres- 
sion corners of indicator diagrams should be as small as pos- 
sible, just enough to make sure that the exhaust port is closed 
before the steam port is opened. Of course, different kinds of 
engines and different rates of speed would have to be taken 
into consideration, together with whatever limitations would 
surround each case. A good many engineers think that high 
compression is necessary because someone else says so, and 
when they make valve adjustments toward that end, and find 
that the engine sounds and seems all right, they are fully satis- 
fied that the right move had been made. It seldom occurs to 
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Card ‘‘ A’’. Low Pressure Cylinder, Non-condensing, taken before 
alterations were made. Load 1200 Amperes. 


them to try what a move in the other direction would show, yet 
by such trials only can it be satisfactorily determined in any 
given case, whether the engine runs better with or without 
compression. In relation to this matter, I will cite an ex- 
perience which I had not very long ago, which may possibly 
be of some benefit to those who read. 

In a certain power station were two cross-compound direct 


connected engines and generators of 1300 horse power eacu, 
Allis-Corliss type. These engines exhausted into jet conden- 
sers, the condensing water being supplied through two 10-inch 
cast-iron pipes from a canal which was about six hundred feet 
from the condensers. The pipes had been hurriedly and care- 
lessly laid in trenches at a depth of ten feet from the surface 
of the earth, without any provision whatever having been 
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Card ‘‘B"’. Non-condensing card taken after alterations had 
been made in Valves. Load 1200 Amperes. 


made to prevent breakage, and to repair leakage, or any other 
possible future trouble. As time went on, it was noticed that 
the degree of vacuum as indicated by the gauge was gradually 
getting lower until finally it was very difficult to maintain even 
18 inches. Everything about the engine, condenser, and cir- 
culating pump was examined, a few new valves placed in the | 
water end of the pump, and a trial was made to see if there 
was any improvement. The improvement was so little that we 
finally came to the conclusion that the fault must be in the two 
suction pipes. At high tide we could manage to run the engines 
condensing—though at a low vacuum—even with a full load. 
Just as soon as a temporary over-load was thrown on, how- 
ever, both engines would “go out,” that is, exhaust into the 
atmosphere, and then there was a hustle to get the pumps 
primed and get the condensers into service again. When the 
tide was low it was impossible to run condensing at all. As 
there were several other engines in the place connected to a 
different condensing system, we ran the two engines in ques- 
tion only when absolutely necessary because of the trouble 
which I have just described. When the load became heavy and 
it was required to cut these engines into service, if the tide 
was low at the same time there was nothing else to do but run 
non-condensing. The low pressure valves were so adjusted 
that when running non-condensing the steam (admission) 
valves made a terrible clatter, due to high compression, which 
raised them from their seats, and the entering steam imme- 
diately afterwards slammed them down again. Besides having 
to endure the slam bang of the valves of the two engines for 
an hour or more every day, the steam pressure would drop 
from 140 to 120 lbs., and on several occasions even dropped to 
100 lbs., and then every unit in the plant showed how heavily 
it was laboring to keep up with the load. The conditions were 
nerve wrecking in the extreme. 

Now it is not my intention to go into the reasons, etc., why 
the company did not take steps to remedy the matter by going 
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to the root of the trouble, and installing a new piping system 
for the condensing apparatus, because it is not pertinent to 
the point in case. As the trouble had to be endured for some 
time .o come, I conceived the idea of reducing the compression 
in one of the engines, in order to stop the valves slamming, and 
if successful, do the same with the other engine. Indicator 
diagrams were taken from both engines, one set of cards when 
condensing aand the other set when non-condensing. I felt 
confident the trouble could be remedied by reducing the com- 
pression, and still not in any way interfere with the economical 
and quiet running of the engines when they were running con- 
densing. Several interested persons advised against making the 
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change which I had in view. “For,” said they, “if you suc- 
ceed in securing quiet running engines when non-condensing, 
the chances are that you will cause pounds to appear when the 
engines are condensing. Besides, precedent has established that 
the one kind of valve setting will not do for the two conditions 
—condensing and non-condensing.” However, I decided to 
make the attempt. I had carefully reasoned the matter out to 
what I considered a satisfactory conclusion. 

Upon examining the exhaust valves connecting rods, with 
a view to readjusting the valves to secure less compression, I 
found that all of them on the two engines were screwed hard 
up, so that nothing further could be done from that point. Of 
course, the right and left hand threads at the ends of the rods 
could have been run up further in a lathe, or the arms could 
have been withdrawn from their respective stems, and new 
key-ways cut in the stems so that the arms would occupy a 
new position with reference to the steam edge of the valve. 
But for several reasons neither of these methods was adopted. 
Neither was it considered advisable for several reasons to shift 
the eccentric round on the shaft. When I state that Sunday 
morning was the best opportunity to work on these engines, 
it will be understood that time limitations largely governed 
methods of procedure. Upon examining the exhaust valves 
themselves, I found that each had a large bearing surface, 
which would adinit of being reduced without materially affect- 
ing the valves in any respect. I concluded to chip off an 
amount from the steam edge of each valve, and thus reduce 
Most every person concerned thought 
this method radical to an extreme, and yet not one could give 
any satisfactory reason—when all the limitations were taken 
into consideration—why it should not be done. In the case 


the lap, so to speak. 


of a Corliss exhaust valve, it would indeed be a very poorly 
designed one, if its surface, with relation to the working edge, 
had no more than a half inch or so, in excess of that actually 
required, as determined by the width of the exhaust port. As 
a matter of fact, in all the valves that I have had occasion to 
handle, there has been ample surface, and so far as the valves 
themselves were concerned, either subtracting from or adding 


to the working edge made no material difference. The sug 
gestion of chipping the edges of these valves in question seemed 
like an act of mutilation, if not one of destruction. 

The valves were pulled out from one of the engines and one 
half inch of metal chipped off from the working edge of eacli 
exhaust valve. As before stated, Sunday morning was the mos! 
suitable time, and by 1 P. M. the job was finished and the en 
gine “turning over.” We had in the meantime made a few 
alterations in the steam valve adjustments, and also the cut-off. 
The load was thrown on and we tried the engine both con- 
densing (the tide being high at that hour) and non-condensing, 
with the most gratifying results. So far as just standing by 
the engine and watching it run was concerned, it was difficult 
to determine as to whether or not it was running non-con- 
densing. The only way we could be sure was to look at the 
vacuum gauge, whereas before, the very moment the vacuum 
was lost, the slamming of the valves gave due notice. . 

Well, this engine was run as frequently as possible through 
that week in order to fully test the result of the changes which 
had been made. As well as the slamming of the valves—when 
running non-condensing, having ceased, it was noticed that 
even when running non-condensing, the firemen did not ex- 
perience as much difficulty in keeping up steam as they did be- 
fore, and this in spite of the fact that the loads were just as 
heavy. We had evidently accomplished more than we had 
set out to do, and the most critical opponents of the plan had to 
admit that a decided improvement had been made. 

On the following Sunday morning the same changes exactly 
were made on the other engine referred to, with exactly the 
same results under all possible tests. We never had any further 
trouble either with slamming valves or falling steam pressure, 
although we frequently had to run both engines with over- 
loads and non-condensing. 

The accompanying indicator cards marked “A” are those 
taken before the changes had been made, while those marked 
“B” were taken after the changes were made. These diagrams 
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Card ‘‘B’’. Condensing Card taken after alterations had been 
been made. Load 1200 Amperes. 


speak for themselves, and therefore further comment by me is 
not required. In closing, permit me to say just this: the fore- 
going recital is offered to the reader; it is absolutely true; and 
it may be taken for what it is worth in connection with com- 
pression discussions and arguments. We are all prone to be 
guided and governed by precedent, but it is sometimes found to 
be of the greatest benefit to depart from precedent, and follow 
a new line of thought. 
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A durable whitewash which is recommended for boiler rooms 
and which produces a clear white and does not easily rub or 
wash off consists of 10 parts of freshly slaked lime and one 
part of hydraulic cement mixed together with salt water. 
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ARRANGEMENT OF BLOW-OFF VALVES 


By W. H. 


Some time ago I listened to a discussion of ways and meaus 
for keeping steam boilers clean, and although the subject was 
not new, several interesting points concerning it were pre- 
sented. One speaker claimed that all efforts to remove sedi- 
ment from the bottom of a tubular boiler, by opening the blow- 
off valve under pressure, were useless because by so doing 
water was drawn from the surface only. His claim is illus- 
trated in Fig. 1. The same action may be observed by filling 
a common wash-bowl with water, and removing the plug, as 
the result is a small whirpool, with a hollow space in the mid- 
dle. This action might take place in a plain cylinder boiler 
but the absurdity of such a claim will be apparent when Fig. 2 
is examined, and we remember that a tubular boiler contains 
so many tubes that it is impossible for water to form a whirl- 
pool in it. 

Opinions of engineers differ and probably always will con- 
cerning the best time to blow down a gauge of water, as 
some believe that it should always be done when the fire is 








Fig. 1. 


Fig. 2. 


banked and no water rapidly circulating through the shell 
and around the tubes, while others maintain that if the blow- 
off valve is opened while the sediment is stirred up, much of it 
must come out with the water. 

During the discussion above mentioned, one engineer stated 
that his blow-off pipe was located so that he could see the 
end of it, and he had observed that the first water which came 
out contained much sediment, but after it had been blowing 
for one or two seconds it appeared clear. This was when the 
fire was banked. This demonstrates that while the blow-off 
valve is shut, sediment collects in the pipe, and when this 
valve is opened, it goes out rapidly, therefore some of the 
scale-making matter is disposed of, and it is quite possible 
that as much is removed in this way during two seconds as 
would be secured in two minutes when contents of the boiler 
are in rapid circulation. 

One disadvantage along this line is due to the fact that 
nearly every blow-off pipe is located so that the engineer can- 
not tell what does come out of it, therefore he is handicapped 
in his efforts to determine which plan is best. Of course, he 
can tell whether his boiler is badly scaled or not, but nobody 
wants to wait for such a demonstration, as it is too much 
trouble to dispose of the scale afterward. 


WAKEMAN. 


If a blow-off valve leaks it prevents accumulation of sediment 
in the pipe, as water continually passing takes this sediment 
with it. On this account it is well to observe whether water 
is dropping out of the end of pipe or not, while the valve is 
closed before watching for a slug of mud to appear after the 
valve is opened. 











Fig 3. 


During this discussion one engineer claimed that the asbestos 
packed plug cock was not satisfactory, as it soon leaked and 
could not be easily repaired. He favored putting a globe valve 
on the same pipe, as shown in Fig. 3. He had tried this and 
found that the globe valve could be put on without removing 
the cock, therefore it was not necessary to lay off the boiler 
for this purpose. When the hard rubber disc was worn so 
that it leaked, a new one could easily be put on, because the 
cock did not leak enough to prevent it. 

This plan was not favored by others present, not because 
they did not recognize the value of a valve that could be so 
easily repaired, but they preferred the same convenience in 
another form, as illustrated in Fig. 4. Here a Y-valve is 
placed next to the boiler, and beyond it an ell, with an asbestos 
packed plug cock in the vertical pipe, instead of the horizontal 
as shown in Fig. 3. 

















Fig. 4. 


The advantage claimed for this arrangement is that the 
cock can be taken off and sent to the makers’ for repairs when- 
ever necessary, as the valve will control the water. If the valve 
leaks on account of a worn out disc, a new one can be put on 
without expense worth mentioning, making it tight again, but 
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all water must be run out of the boiler before the bonnet can 
be taken off. 

In some cases, this might be inconvenient, but as a general 
rule there will be an opportunity to remove pressure from a 
boiler before the valve leaks enough to do much harm. How- 
ever, there is an advantage in Fig. 3, as the disc can be renewed 
at any time. 

The principal objection to a globe valve for this service is, 
that owing to its internal design, it creates much friction when 
water is forced through it. If placed with its stem in a ver- 
tical position, scale can lodge on its seat, and when the disc 
descends, striking this scale, there is danger of preventing the 
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Fig, 5. 





valve from closing. If an attempt is made to force the disc 
downward by exerting more strength on the wheeel, the disc 
may be broken, or the seat spoiled. 

On this account it is better to locate a globe valve in a ver- 
tical pipe, if possible, as scale is much less liable to lodge on 
the seat. If it must be located in a horizontal pipe, let the 
stem stand horizontal also. The Y-valve is a great improve- 
ment, as it gives a nearly straight passage through it, creating 
but little friction when water passes through, yet it can be 
repaired as easily as a globe valve. 

An ideal combination for this service is an asbestos packed 
plug cock in the horizontal pipe next to the boiler, with its 
plug in a vertical position. This is recommended because it 
will then be possible to use kerosene to prevent this plug from 
corroding and leaking. If the plug is horizontal, kerosene will 
not readily find its way to the bottom of it. Beyond this may 
be placed a Y-valve in a vertical length of pipe, provided it is 
convenient, but if not, then put it in a horizontal piece with the 
wheel directly above the pipe, and it will work well. 

When using this combination, open the Y-valve first, then 
open the cock slowly. Having blown down the desired amount 
of water, close the cock first, but do not be in a hurry about it, 
then close the valve. Ifa blow-off valve or cock is closed sud- 
denly it brings much strain on the pipe and fittings, for when 
open, the body of water rushing out under pressure gains 
much momentum, and stopping it suddenly causes a shock 
which is like striking a blow with a heavy hammer. 

An incident was related during the discussion referred to, 
which is classed as an accident, although it may not properly 
belong under that head, as an accident is something that could 
not have been foreseen. It appears that one of the engineers 
present was in charge of a plant where the blow-off pipe dis- 
charged directly into the shop-yard, and as this caused ice to 
accumulate in winter, and ploughed the ground in summer, it 
was decided to abate the nuisance. 


The engineer reported in favor of building a good cistern 
of brick and cement, into which the blow-off pipe should dis- 
charge. An overflow pipe was to be put in, larger in diameter 
than the blow-off, thus allowing hot water to pass off to a 
convenient sewer. 

His recommendation was not adopted but instead a barrel 
was sunk in the ground, as illustrated in Fig. 5, out of which 
an overflow was arranged to prevent overpressure. Only a 
short piece of this is shown, as it is sufficient to answer the 
purpose. The top of barrel was covered with stones, old brick, 
etc., over which earth was spread, making a neat job, so far 
as outward appearance was concerned. 

The first time this was tried there were 40 pounds pressure 
on the boiler, and soon after the blow-off valve was opened a 
peculiar noise in the yard attracted the engineer’s attention. 
He put his head out of a window to find out the cause, and was 
at once knocked nearly senseless by a brick-bat which struck 
him on the head. Although badly hurt, he naturally turned and 
closed the blow-off valve, without remembering his action when 
thinking the matter over afterwards. This demonstrates the 
fact that a true engineer will instinctively seek to-prevent pos- 
sible injury to others, also destruction of property, before 
making his own escape in time of danger. 

What took place is well illustrated in Fig. 6. When water 
under pressure came out of this pipe it struck the bottom of 
barrel, and as the overflow pipe was not large enough to pre- 
vent accumulation of pressure, reaction caused the pipe to be 
thrown upward as shown, taking with it earth, stones, brick, 
etc., a part of one brick striking the engineer as above men- 
tioned. The pipe swung over, narrowly missing a leader at 
the corner of building and striking a violent blow, notwith- 
standing this action screwed up a nipple between two ells, al- 














Fig. 6. 


though the engineer thought he had these joints screwed up as 
tightly as possible, before the accident. 

This incident illustrates and emphasizes the fact that if a 
blow-off valve is opened under pressure, and for any reason it 
is not closed on time, it is much better to have the fire banked 
than to have it burning briskly. It also furnishes another il- 
lustration of the fact that it is better for a firm to take the 
advice of their engineer than to follow plans devised by some- 
body who knows little or nothing about the business. 
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THE POWER STATION’ 


By Frep N. BUSHNELL, 


Chief Engineer, Rhode Island Co., Providence, R. I. 


Since the advent of the direct connected generator, the ten- 
dency in power station design has been towards a more sys- 
tematic and compact organization of the generating apparatus 
and the utmost simplification of the entire plant consistent 
with the highest efficiency. The practice of different engineers 
has gradually worked towards a type of station which is now 
so generally adopted for street railway work where limitations 
are not placed upon the design by the size or shape of the avail- 
able site, that it can fairly be said to represent standard practice 
in modern power station engineering. It embodies the follow- 
ing essential principles: 

1. Simplicity. of design. 

2. Subdivision of the plant into separate sections, so as to 
localize the effect of trouble to any part of the generating 
apparatus. 

3. Provision for the symmetrical extension of the plant to 
provide for future power requirements. 

This station in its simplest form consists of a boiler room, 
engine and generator room, and switchboard gallery, arranged 
in parallel lines and separated from each other by substantial 
fireproof walls. In stations of very large size the boilers are 
frequently arranged in two tiers, or in groups, each group 
having its own chimney and flues and independent systems of 
feed and steam piping. This arrangement of the station is 
now generally referred to as the unit system, the distinguishing 
feature of which is that the boilers, engines and generating 
apparatus are arranged in separate units or groups, each one 
of which embodies all the essential features of a complete 
generating plant, and the great advantage of which lies in the 
fact that trouble with any single piece of apparatus is localized, 
so that its effect is felt only in that unit of which it forms a 
part. ‘Provision for carrying the load in the event of a break- 
down of any important part of the apparatus is made by in- 
stalling an additional or spare unit. 

While the unit system is now almost universally employed in 
the larger power stations, it is usually somewhat modified for 
smaller plants where the liability to interruption of the service 
is not so great or the results so disastrous, the chief difference 
being in the arrangement of the steam and feed piping. The 
steam piping from the boilers is run to a longitudinal header, 
from which the connections to the engines are taken off at 
convenient points. This steam header is divided into sections 
by means of gate valves, which permit of any section being cut 
out at the convenience of the operator for the purpose of mak- 
ing repairs. Usually two systems of feed piping are provided, 
one of which supplies hot water to the boilers through the 
heaters and economizers, while the second, or auxiliary system, 
supplies cold water, or water direct from the heaters, in case 
of trouble with the main system. This arrangement of piping 
provides sufficiently against interruption in small and medium- 
sized plants, and in a system carefully laid out with due con- 
sideration for the troubles which are likely to arise, it is 


* Read before the American Railway Mechanical and Electrical Asso- 
ciation, September 26, 1905. 


hardly probable that the disarrangement of any one part will 
cause serious interruption of the service. 

At the present time alternating current generating stations 
and distributing systems are regarded as the most efficient to 
install in large cities where heavy traffic is distributed over a 
very large area, requiring current to be delivered to the line 
at a number of points, and where the interest upon the invest- 
ment in direct current feeders and cost of their maintenance 
would amount to more than the same charges plus the conver- 
sion losses in an alternating current system; and for long 
suburban or interurban railways where the power required at 
any one point is small as compared with the total power gen- 
erated. The use of alternating current apparatus has steadily 
increased since its introduction, until at the present time ap- 
proximately 60 per cent. of the total power used by electric 
railways in the United States is generated by this type of 
apparatus. 

In cities where the bulk of the business is within the 
economical radius of distribution for direct current lines, and 
where direct current generators form the larger part of the 
present equipment, the common solution of the problem is to 
use this type of apparatus for city work, adding alternating 
current apparatus to supply the more distant portions of the 
system, or roads operating through outlying districts. 

There is undoubtedly a great advantage in having all the 
apparatus: of a uniform type. This simplifies the wiring and 
switching part of the electrical equipment and permits of a 
more efficient distribution of the load in the station. But there 
can be no conversion of energy without loss, and in cases where 
a considerable part of the system can be supplied with direct 
current without the use of rotary converters, the composite 
type of station will frequently be found to offer advantages 
in lower first cost and higher efficiency. 

The location of the power station, its general character, and 
the type of apparatus to be installed, depend to such an extent 
upon local conditions that it is difficult to offer suggestions 
covering these points except in a general way. 

If possible, the station should be located near an ample 
supply of water for condensing purposes, in order to secure 
the advantages from the use of the most efficient types of steam 
apparatus, and if possible, convenient also to a steam railroad 
or tide water where the coal can be received and handled for 
the least expenditure of labor. Its location in reference to the 
distributing system will depend upon the extent and type of the 
system employed. If the direct current system is used, it will 
be desirable to select a location as near as possible to its centre 
of gravity, in order to reduce the investment in copper, but in 
the case of an alternating current distributing system, this is 
of less importance, and greater consideration will be given to 
the cost of the available site, the nature of the soil, cost of 
foundations, etc. 

The building should in all cases be of fireproof construction 
and ‘of neat and attractive design, appropriate to and sug- 
gestive of the purpose for which it is used. In determining 
upon the dimensions of the building, it is important that ample 
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room be provided for all of the apparatus to be installed, so 
as to avoid unnecessary crowding. Passageways should be 
provided between each battery of boilers, and at the rear for 
the convenience of attendants in cleaning the tubes and con- 
nections and for making necessary repairs. Sufficient room 
should also be provided around each piece of apparatus in the 
engine room so as to enable the attendants to inspect it regularly 
and keep it thoroughly clean, and to provide for the removal of 
any part in case of repairs. 

In large cities, where land is extremely valuable, or the 
available area limited, the amount of power which can be gen- 
erated per unit of ground area occupied is frequently the con- 
trolling factor in deciding upon the power station plans, 
and in such cases it is not always practicable to provide all 
the space usually regarded as desirable for the convenience of 
attendants. This condition rarely exists, however, except in 
the larger cities, and in a great majority of cases no excuse 
can be offered for crowding the machinery to such an extent 
that it cannot be kept in proper condition and conveniently 
repaired by those responsible for the management of the plant. 

Cleanliness is absolutely essential to the successful operation 
of an electric railway power station. It is necessary that the 
building itself be kept free from oil and dirt, and each piece of 
apparatus thoroughly cleaned at all times, in order to maintain 
it in its highest state of efficiency. The designing engineer 
should contribute his share towards this result by providing 
ample light throughout the building—boiler room as well as 
engine or generator room. All the walls of the building should 
be painted in some light shade, preferably with some kind of 
enamel paint which can easily be washed down and kept clean. 
This will be found to reflect the light into dark corners of the 
building or spaces around the machinery which might other- 
wise form receptacles for dirt and rubbish. It will add very 
much to the cleanliness and general appearance of the plant, 
and will contribute toward its successful running. 

In designing a power station, the primary object in view is 
to deliver power at the busbars for the least expenditure of 
money; due importance, of course, being given to reliability 
of operation, which is the controlling principle in power station 
work. The fixed charges—interest, depreciation, insurance and 
taxes, should be as carefully considered as the cost of fuel, 
labor, supplies, repairs and other items which make up the 
operating expenses. Consideration should be given to each of 
these elements in proportion to its importance as a factor in 
the cost of power. In the great majority of cases fuel is the 
most important item of expense, frequently amounting to more 
than all other operating costs combined, and the perfection of 
those details of design and management which will effect the 
greatest economy in its use will usually make the best return 
for the time and labor expended. 

Electrical apparatus has now been developed to such a state 
of perfection that in a well-designed and carefully managed 
power station over go per cent. of the power of the engines 
is converted into electrical energy :.ad delivered to the trans- 
mission system for the operation of cars. It appears, therefore, 
that no very great gain in coal economy is to be expected from 
the further improvement of electric generators or switching 
apparatus, and engineers are directing their eftorts more than 
ever before to the steam portion of the power station, which 
offers a more promising field for a reduction in the cost of 


power. 


The number and size of units to be installed is one of the 
most important problems bearing upon fuel economy which the 
engineer is called upon to solve. In order to obtain the max- 
imum efficiency from the prime movers and their auxiliaries, it 
is necessary that they should be proportioned to the load they 
are intended to drive, so that if possible they may be operated 
at all times at or near their rated capacity. 

In electric railway power stations it is not regarded as prac- 
ticable to change the speed of the air or circulating pumps, or 
to alter the quantity of cooling water, to suit the varying loads 
upon the station, and these auxiliaries are usually operated at 
a point sufficient to take care of the maximum load. The power 
required to drive them is therefore practically constant, and 
their steam consumption per unit of output will vary indirectly 
as the load on the main engines. Under ordinary operating 
conditions, where the exhaust steam is used for heating the 
feed water, only about 12 per cent. of the heat in the total 
steam generated can be used for this purpose, and all steam 
used by the auxiliaries in excess of this must gd to waste; and 
it follows that in addition to the losses due to the reduced 
efficiency of the prime movers at light loads, the percentage 
of loss in the auxiliaries will increase very rapidly as the load 
upon the main engine decreases, and the best economy of the 
entire plant will be obtained only when the engines are operated 
at or slightly above their rated capacity. 

In deciding upon the number and size of units, therefore, it 
is necessary that a careful study should be made of the load 
conditions throughout the entire day. In providing an increase 
of power for existing roads, data will be available from which 
station load curves under varying conditions of traffic can be 
constructed, and a fair average decided upon as the basis for 
determining the size of the units. In the case of a new rail- 
road, this information will be more difficult to obtain, and an 
approximate load curve will have to be constructed from a 
study of all the conditions bearing upon the subject. This 
involves decisions upon such matters as the location of track, 
with special reference to grades and curves, the distribution of 
copper in the feeder system, the weight and equipment of cars, 
and train schedules, all of which are important factors in 
determining upon the power required. 

It is often necessary to estimate the size of a new power 
station before the final survey of the road is completed, or the 
details of the feeder system or train schedules definitely de- 
cided upon. In such cases the engineer will have to apply such 
data as he is able to obtain from other roads in which the con- 
ditions of track and the operating conditions are similar. But 
such data should always be used with the utmost caution, as 
vital differences in grades, in the feeder system, or in train 
schedules, must necessarily exist, which will render it ex- 
tremely difficult to make comparison sufficiently accurate for 
a final decision upon the size of the station. 

Having ascertained the power required during the different 
hours of the day, the plant should be divided into as few units 
as will enable the engines and generators to be operated at or 
near their rated capacity, while at the same time a sufficient 
number should be installed so that in the event of trouble 
one can be shut down without causing interruption of service. 
A three-unit station will permit of a fairly uniform distribution 
of the load in small plants, and in case of accident to one unit, 
the other two should be able, by overloading, to supply suffi- 
cient power until repairs are completed. This number of units 
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is therefore regarded as the minimum which should be installed 
in any power station. 

The type of apparatus to be used, whether alternating or 
direct current, will not materially affect the design of the sta- 
tion except in so far as the question of the use of reciprocating 
engines or steam turbines is involved. Up to this time the 
steam turbine, which is rapidly growing in favor for electric 
railway work, has been designed almost exclusively for use in 
connection with alternating current generators, and the manu- 
facturers of electrical apparatus have held out scant encourage- 
ment that its speed could ever be so modified as to make its 
use with direct current generators, particularly the larger sizes, 
practicable. Reciprocating engines have therefore been re- 
garded as the only type of steam motor available for this class 
of work. It is probable that this will be the case for some 
time to come, but it is interesting to note that considerable 
progress is being made in the development of direct current 
turbo-generators. A number of machines of this tvpe as 





with reciprocating engines, lower first cost, and less floor space 
occupied, insured its prompt adoption by a large number of 
power users, and from the first its progress has been rapid. 

In a report of the Committee for the Investigation of the 
Steam Turbine made to the National Electric Light Associa- 
tion, last June, it was stated that there were in operation at that 
time 224 turbines of an aggregate capacity of over 350,000 
horse power, the greater number of which had been installed in 
the last two years. The writer is informed that the orders for 
turbines taken by the two largest manufacturers in this country 
aggregate (July 1, 1905) over 800,000 horse power. 

The remarkable progress made in the manufacture of these 
machines, and their general adoption by many of the most 
progressive railways in the country, proves them to be a most 
formidable competitor of the reciprocating engine, if indeed 
it does not indicate that they have already established their 
commercial superiority. 

It is to be regretted that most of the data upon the efficiency 
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large as 500-kw. capacity are in operation, and work is well 
advanced upon units as large as 2000 kw. There seems to 
be good ground for the belief that this problem will be suc- 
cessfully solved, and that in the near future this type of ap- 
paratus will be available in sizes as large as are generally re- 
quired for direct current work. 

Engineers and steam users generally have been prepared for 
some time to, welcome any form of prime mover which could 
be shown to possess any considerable advantage over the re- 
ciprocating engine, as the latter had come to be regarded as 
having largely fulfilled its possibilities, and no very great im- 
provement in economy was to be looked for. The steam turbine 
seemed to offer the solution of the question, and while, at the 
time of its introduction into this country, its superior economy 
had not been demonstrated, its great simplicity as compared 


of steam turbines has been derived from tests covering very 
short periods of time, usually only a few hours, and that so 
little data is available of their performance under actual service 
conditions. To the street railway manager or engineer, power 
station records for long periods, showing the coal consumed 
per kilowatt-hour, or, better still, the efficiency of the plant ex- 
pressed in perceritage of heat energy in the coal converted into 
electrical energy at the switchboard, are of much greater inter- 
est and value than the record of any number of short-time 
tests for steam consumption only, as it provides him with a 
much more practical means of making comparisons with the 
performance of other stations with which he is familiar, The 
data which have been published illustrating the relative econ- 
omy in steam consumption of turbines and reciprocating en- 
gines rarely ever show comparisons between units operating 
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under identical conditions as to steam pressure, superheat, 
or vacuum, and therefore does not fairly represent the relative 
performance of the two types, and, too, the steam consumption 
of the auxiliaries is also invariably omitted, so that it is impos- 
sible to form an intelligent opinion as to the additional cost of 
the higher vacuum required for the turbine. 

Up to this time most of the turbines installed in electric rail- 
way power stations are operated in connection with recipro- 
cating engines, and owing to the difficulty of separating the 
operating charges, it has been practically impossible to obtain 
reliable information as to their performance under commercial 
conditions. 

One of the plants where turbines are exclusively used is the 
Quincy power station of the Old Colony Street Railway Co., 
and through the courtesy of Mr. P. F. Sullivan, president of 
this company, the writer is permitted to publish some informa- 
tion regarding the performance of this station. This informa- 
tion was kindly furnished by Mr. C. F. Bancroft, superintendent 
of motive power and machinery. 

It should be stated at the outset that this station, which will 
eventually furnish power for that portion of the Old Colony 
Street Railway Co.’s system, extending from Quincy on the 
north to the city of Fall River on the south, is not yet in full 
operation. Its connection with the latter city, where a large 
part of the current is to be used, has not yet been made, so 
that at present it furnishes power for only about one-third of 
the number of cars which it will eventually drive. Only two 
of the five turbines in the station are required for this work. 
One of these machines is run for 17 hours per day, and two 
for 24 hours per day. When the station is in full operation 
there should be a more uniform load, and it is expected that 
the station efficiency will be considerably increased. 

The station contains five 2000-kw., 4-stage, vertical turbines, 
running at 750 r. p. m., and connected to 13,200-volt, 25-cycle, 
alternating current generators. The steam pressure is 200 Ib. 
There are 10 horizontal water tube boilers of 750 horse power 
each, equipped with internal superheaters, giving to the steam 
an average of 65 degrees superheat. Underfed stokers are 
used. There are no economizers. One turbine is supplied with 
steam-driven auxiliaries; the other four have motor-driven 
auxiliaries. At present, while only two units are in operation, 
the feed water is heated to 200 degrees Fahr. by the exhaust 
from the steam auxiliaries. The average daily output is 52,500 
kw. h., giving a load factor of 54.7 per cent. for the two ma- 
chines. Georges Creek Cumberland coal is used, having an 
average calorific value of 14,000 B. T. U. per pound. The aver- 
age coal consumption for this station, operating under the con- 
ditions outlined above, is 2.94 lb. per kw. h., showing an effi- 
ciency of 8.36 per cent. This record covers a period of six 
months, ending June 30, 1905. 

While this performance does not furnish conclusive evidence 
of the superiority of the turbine over reciprocating engines in 
electric railway work, it compares favorably with the results 
obtained in a large number of the better class of stations using 
the latter type of prime movers, and gives some force to the 
opinion that in actual practice there will be found to be very 
little difference in the coal consumption of steam turbine and 
reciprocating engine plants operating under similar conditions. 

In order to develop the highest efficiency of the steam tur- 
bine, it is necessary to operate with a very high vacuum. It is 
claimed that each inch of vacuum above 26 in. will increase the 





economy from 3 to 4 per cent., and condensing apparatus is 
usually recommended which will produce a vacuum of about 
28 in. of mercury, or 2 to 214 in. higher than that regarded as 
the most efficient for reciprocating engines. The type of ap- 
paratus generally installed consists of a surface condenser with 
a centrifugal circulating pump, dry vacuum pump, and hot 
well pump. In practice no trouble has been experienced in 
obtaining the high vacuum desired with this type of apparatus, 
but whether the gain of 3 or 4 per cent. in coal is sufficient to 
warrant the additional first cost of operating this rather com- 
plicated system, is a question which would seem to be open to 
discussion. In cases where the cost of feed water is a material 
factor in the cost of power, or where it contains a large per- 
centage of calcium or magnesium carbonate, or other scale- 
forming materials, there will be great advantage in using a 
surface condenser on account of the pure distilled water re- 
turned to the boilers, but where these conditions do not exist, 
it will frequently be found to be practicable to use some simpler 
form of condensing apparatus, such, for example, as the in- 
jector or barometric type of jet condensers. These types of 
condensers offer very great advantages over the. surface con- 
denser in the matter of lower first cost, space occupied, greater 
simplicity, and less cost of maintenance. Up to this time they 
have not been very generally used, but there seems to be no 
good reason why they should not work as satisfactorily in con- 
nection with steam turbines as with reciprocating engines, and 
when properly proportioned to the work and installed with 
tight piping throughout, it is believed that in many cases they 
will prove to be as satisfactory as the more complicated types. 

A considerable economy in the steam consumption of both 
reciprocating engines and steam turbines has been shown to 
result from the use of superheated steam. In plants equipped 
with either of these types of prime movers using dry saturated 
steam, the introduction of superheated steam can generally be 
depended upon to effect a saving in steam of about one per cent. 
for every eight or ten degrees of superheat. Where the quality 
of the steam is not so good, and the conditions are such that 
the condensation in the pipes or cylinders of the engines ‘is 
excessive, the saving may be much greater than this, sometimes 
amounting to one per cent. for every 4 or 5 degrees of super- 
heat. 

With reciprocating engines, condensation in the cylinder 
resulting from the great difference in temperature between the 
incoming steam and the surfaces of the cylinder which have 
just been exposed to the temperature of the exhaust steam, has 
been recognized as one of the greatest sources of loss. Various 
means have been employed to reduce this loss, such, for ex- 
ample, as the use of steam jackets and reheaters, but these de- 
vices add materially to the complication of the engine, and 
under the most favorable conditions only affect a partial saving. 
For these reasons they have not been generally adopted in 
power station work. Superheated steam has been found to be 
a much simpler and more effective method of accomplishing 
this result. 

Our knowledge of the subject of steam turbines is still so 
limited that it is impossible to state with any degree of positive- 
ness just where the various losses occur, or to what causes we 
must attribute the gain in efficiency from the use of superheated 
steam. Undoubtedly a portion is due to thermodynamic rea- 
sons, and it has been suggested that a large portion is also due 
to the diminution of fluid friction within the turbine. Owing 








ex 
ar 
ne 
ch 
be 
be 
su 


us 


fli 


an 
thi 
co 
tir 
an 


thi 





1905. 





tus is 
about 
ed as 
f ap- 
with 
1 hot 
ed in 
-atus, 
it to 
com- 
en to 
terial 
per- 
cale- 
ng a 
r re- 
‘xist, 
ipler 
2 in- 
s of 
con- 
ater 
they 
2 no 
con- 
and 
with 
they 
pes. 
doth 
1 to 
yped 
ated 
r be 
ent. 
lity 
that 
s is 
mies 
yer- 
der 
the 
ave 
has 
ous 
ex- 
de- 
und 
ng. 
in 
be 
ing 


so 
ve- 
we 
ted 
ea- 
lue 
ng 











November, 1905. 





THE PRACTICAL ENGINEER. 19 





to the very high steam velocities in this type of apparatus, the 
friction of the steam passing over the surface of the buckets 
must cause a considerable loss, and this is probably very much 
greater where the steam carries a large percentage of moisture 
than when it is dry or superheated. It is probable, therefore, 
that the larger part of the gain due to superheating can be 
attributed to this cause. 

The prevention of the deposit of water on the inside of the 
turbine casing, also, must effect some saving, although this 
gain is probably small as compared with that resulting from 
the diminution in the friction of the steam as it passes over 
the surfaces of the buckets. 

Whatever the causes may be, there can be no doubt that 
there is a very marked gain in efficiency in steam turbines from 
using superheated steam, amounting to about as much per 
degree of superheat as in the better class of reciprocating 
engines. 

The following table compiled by R. M. Neilson shows the 
reduction in steam consumption in steam turbines and recipro- 
cating engines due to superheating. These statistics were ob- 
tained from a number of tests made in this country and in 
Europe. The apparent discrepancy in these tests is explained 
by the statement that there was considerable difference in the 
quality of the steam in the different cases, and the engines were 
of different types and of different sizes. 

RECIPROCATING ENGINES. 
Superheat Saving, Per Cent. 


STEAM TURBINES. 
Superheat Saving, Per Cent. 


Degree. Per Cent. per Degree. Degree. Per Cent. per Degree. 
13 6.1 0.47 31 7.86 0.25 
50 8.0 0.16 40 8.65 0.22 
60 5.4 0.09 50 12.00 0.24 
66 12.1 0.18 100 20.55 0.20 
70 7.5 0.11 150 13.00 0.09 
84 gt 0.09 216 36.4 0.17 

100 14.0 0.14 225 33.7 0.15 
140 12.6 0.09 225 33.1 0.15 
150 19.0 0.13 440 30.9 0.07 
200 23.0 0.115 
260 24.5 0.09 


Unfortunately, superheated steam is now known to be rather 
expensive to produce, particularly at the higher temperatures, 
and consequently economy in steam consumption does not 
necessarily mean economy in the consumption of coal. The 
chief advantage in its use is obviously in the saving which can 
be made at the coal pile, and unless this saving can be shown to 
be sufficient to pay for installing and operating the necessary 
superheating devices, it will be extremely difficult to convince 
a careful street railway manager that it will be profitable to 
use it. 

This is a subject upon which there is a vast amount of con- 
flicting information. Ina number of instances the use of super- 
heaters has been discontinued either on account of mechanical 
difficulties or because there was not a sufficient saving in coal 
to pay for keeping them in service. In other cases no mechan- 
ical difficulties have been experienced, and the saving in coal 
has been all that could be reasonably expected. 

It is noteworthy that manufacturers of reciprocating engines 
and steam turbines, as well as engineers, while still recognizing 
the value of superheated steam, are disposed to be much more 
conservative than formerly in recommending its use: At this 
time, the weight of opinion seems'to be in favor of a moderate 
amount of superheat, say not exceeding 125 degrees. Within 
this limit there should be a sufficient saving at the coal pile to 


justify its use, while the temperature is not sufficiently high to 
cause serious mechanical difficulties with any of the various 
types of steam apparatus generally used. 

For many years after the inauguration of the electric rail- 
way industry, power station engineers seemed disposed to 
devote the greater part of their energies to perfecting the ar- 
rangement of engines, generators and switching apparatus, fre- 
quently neglecting the more important, though less showy, 
boilers and their accessories. In recent years they have come 
to realize that a larger percentage of saving can be made by a 
proper attention to the design and management of the boiler 
room than in any other department, as it is here that the greater 
number of preventable losses in a power station occur. 

The designs of the standard types of steam boilers which 
are now generally used have been perfected to such a degree 
that efficiencies as high as 70 to 75, and even 8o per cent., have 
been attained under favorable conditions, and there are very 
few improvements which the power station engineer can sug- 
gest which will produce any considerable saving in fuel. 

The design of the furnace, as distinguished from the boiler, 
on the contrary, is one requiring careful thought and study, 
to make it conform to the conditions required for the perfect 
combustion of the specific kind of fuel which is to be used. 
Anthracite coal, owing to its small percentage of volatile mat- 
ter, can be satisfactorily burned in almost any kind of a furnace, 
provided the grate area and the draft are sufficient to burn 
the quantity required to develop the desired capacity, but in 
the case of semi-bituminous and bituminous coals and lignites, 
containing a much larger percentage of volatile matter, the 
furnace should be so designed that this volatile matter, as well 
as the fixed carbon, will be completely burned in order to 
develop the full heating value of the fuel. 

The following conditions are necessary to insure the com- 
plete combustion of the fuel: 

1. A sufficient supply of air. 

2. Thorough mixture of air and fuel. 

3. A sufficiently high temperature of the air and the com- 
bustible gases to insure their ignition and perfect combustion 
before they come in contact with the cooling surfaces of the 
boiler. 

The principal source of loss is due to imperfect combus‘ion 
of the volatile gases, which are distilled very rapidly after fresh 
coal is placed upon the fire, and not being mixed with air at a 
temperature sufficient to cause ignition, pass off unconsumed ; 
or the air supply and the temperature being sufficient, they are 
allowed to come in contact with the comparatively cool sur- 
faces of the boiler, and their temperature reduced below the 
ignition point before combustion is completed, so that they 
escape when only partially burned. The mixture, temperature 
and time are therefore important factors in the combustion of 
the volatile gases, and it follows that the combustion chamber 
should be of sufficient size to allow the gases to become thor- 
oughly mixed, and that they should be raised to a sufficiently 
high temperature and be protected by fire-brick wall and 
arches from the cooler surfaces of the boiler shell or tubes until 
the cumbustible portion has been entirely consumed. 

As to the proper place to admit the air for the combustion of 
the volatile gases, D. K. Clarke says: 

“It is a matter of perfect indifference as to effect in what 
part of the furnace or flue it is introduced, provided this all- 
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important condition be attended to, namely, that the mechanical 
mixture of the air and gas be continuously perfected before the 
temperature of the carbon of the gas, then in a state of flame, 
be reduced below that of ignition.” 

A number of furnaces have been devised in which the air 
has been admitted at the bridge wall or at the sides or front 
of the furnace above the grate, and there have been many 
ingenious plans for heating this air to the proper temperature 
before its admission to the combustion chamber. Some of these 
furnaces have been fairly successful as a means of reducing the 
smoke, but it is doubtful if the admission of air above the grate 
has ever materially increased the efficiency of the furnace. 
By far the most common practice is to admit all the air through 
the grate, that required for the combustion of the volatile gases 
being heated to the proper temperature by passing it through 
the bed of incandescent fuel. 

In many of the larger railway power stations the flue gases 
are regularly analyzed to ascertain the amount and distribution 
of the losses due to incomplete combustion and the amount of 
excess air admitted to the furnace, which information is neces- 
sary to enable those in charge to operate the boilers in the most 
efficient manner. The only way in which the waste which takes 
place in the furnace can be detected is by such an analysis, 
and its importance as a means of reducing boiler room losses 
is so great that it merits a much more general use. 

In the combustion of coal the object in view is to produce 
the highest possible percentage of carbon dioxide per unit of 
fuel burned. The higher the percentage of carbon dioxide, the 
more perfect will be the combustion of the fuel and the higher 
the furnace temperature, as is shown from the fact that a pound 
of carbon burned to carbon dioxide will produce 14,600 B. T. 
U., while only 4450 B. T. U. will be produced when, on ac- 
count of an insufficient supply of air, carbon monoxide is 
formed. The gas analysis will show the percentage of carbon 
dioxide, carbon monoxide and oxygen. This information will 
enable the chemist to determine the total heat in the escaping 
gases, the amount of unconsumed gas, and the losses due to an 
excess air supply, and will also indicate the cause of these losses 
and suggest the proper remedy. 

A low temperature of escaping gases is frequently regarded 
as an indication of efficient furnace conditions, but it is quite 
as likely to be caused by an excess of cold air, due to too strong 
a draft, uneven fires, or leakages through the boiler settings. 
The true condition of affairs can only be revealed by means 
of an analysis of the flue gases. Anything which will increase 
our knowledge of the conditions which take place within the 
boiler setting, and will permit of a more intelligent use of fuel, 
should be encouraged, and for that reason the practice of. an- 
alyzing the flue gases is recommended in all railway power sta- 
tions where the cost of fuel is an important factor in the cost 
of power. It is always preferable to have this analysis made 
by an experienced chemist, but in small stations where the 
saving to be made is not sufficient to warrant the employment 
of such a man, it is said to be possible to obtain fairly satis- 
factory results from the use of one of a number of automatic 
or semi-automatic devices which are now manufactured for 


the purpose. 

Mechanical stokers are now almost universally employed in 
electric railway power stations, on account of the increased 
efficiency over hand-fired furnaces and the reduced cost of 
operation. Ina properly constructed furnace of moderate size, 


equipped with flat grates, an intelligent and careful fireman 
will produce results equally as satisfactory as any which have 
been obtained with any of the various types of mechanical 
stokers; but the trouble is that such firemen are not plentiful, 
and it is extremely difficult to secure men who will produce 
uniformly good results for long periods of time. For this rea- 
son the average fuel economy in a railway power station will 
generally be found to be somewhat better where the firemen 
are assisted by some form of mechanical stoking-device. 

It should be borne in mind, also, that in order to economize 
in space and the initial cost of the plant, the size of the boilers 
and the rate of combustion has steadily increased in the last 
few years until they have now reached a point where it is 
doubtful if the larger sizes can be properly stoked by hand, 
even by the most competent firemen. 

The use of mechanical stokers is necessary in connection with 
these large sizes of boilers, in order to drive them up to the 
capacity required in electric railway plants. 

There can be no doubt that mechanical stokers accomplish 
a considerable saving in boiler house labor. A reasonable day’s 
work for a fireman is the shoveling of sufficient coal for about 
500 horse power of boilers, which in a railway power station 
will amount to from six to eight tons every 12 hours. Where 
automatic stokers are used, and coal is delivered to the hop- 
pers by gravity, one man should be able to take care of about 
2000 horse power of boilers, which is equivalent to a reduction 
in-labor of 75 per cent. The cost of maintenance of automatic 
stokers is somewhat greater than that of flat grates, and ad- 
ditional labor is required for repairs as well as for tending the 
coal handling machinery usually instalied in connection with 
them, so that the net saving in labor will be somewhat less than 
that indicated above. There is a point, of course, at which this 
saving is not sufficient to pay for the additional fixed charges 
and repairs upon the mechanical stoking devices. This point is 
reached in a boiler plant of about 2000 h. p. capacity. In a 
plant of greater capacity than this, automatic stokers can gen- 
erally be shown to return a sufficient net saving to warrant 
their use, while in smaller plants it will frequently be found to 
be profitable to use them on account of the cheaper grades of 
fuel which can be burned and the greater capacity which can 
be gotten out of the boilers. 

Perhaps the most difficult problem to be solved in connection 
with the power station is to secure proper attention to details 
of operation by the subordinate employes. In the most care- 
fully designed plant, equipped with the most efficient types of 
machinery, the results which the railway manager and design- 
ing engineer may reasonably expect in the way of economy 
will not be achieved unless the utmost care and vigilance are 
exercised by the operating forces. The successful operation 
of the station will depend largely upon the way in which the 
forces are organized, and discipline maintained. Just how 
the station organization should be made up is a question which 
can only be decided for each plant after a careful study of all 
the conditions; but it is safe to say that however the various 
departments may be organized, there should be one man in 
supreme authority, possessing considerable executive ability as 
well as a thorough practical knowledge of steam and elec- 
tricity, whose decision should prevail in the event of disagree- 
ment among the heads of departments or at times of emer- 
gency. As he is the one who will be held responsible for the 
successful performance of the station, it is essential that what- 
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ever regulations there may be regarding the employment of 
his subordinates, he should have full authority to dismiss any 
who prove to be incapable or are not disposed to be attentive 
to their duties. It will be practically impossible to maintain 
proper discipline if among the employes there are those who 
feel a certain sense of security in their position through the 
influence of someone higher in authority than the man in 
charge of the station. 

The work of the greater number of station employes is neces- 
sarily of a routine character. It is nevertheless important that 
they should be thoroughly instructed in their duties and re- 
quired to perform them with the utmost regularity. For ex- 
ample, an oiler employed upon an engine should receive in- 
structions as to the minutest detail of the work that he is re- 
quired to do. He should not only be required to see that his 
lubricators are full and working properly, and that every part 
is receiving a sufficient quantity of oil or grease, but he should 
feel of every bearing and should observe every part of the 





writing to the engineer in charge details of the apparatus which 
in their judgment require attention, and as soon as the ma- 
chinery can be shut down, these parts should be carefully in- 
spected, and if they show signs of weakness or excessive wear, 
immediately renewed or repaired. An examination of the en- 
closed parts of the engines and other working machinery should 
also be made at frequent intervals and before there are any 
outside evidences of trouble. 

It is necessary that all subordinate employes should be un- 
der constant supervision to insure a proper attention to their 
duties, but this is especially true of the fireroom forces. Fire- 
men are not generally disposed to take as much interest in their 
work as employes in other departments. They seem to be con- 
tent to remain as firemen, and rarely endeavor by excelling in 
their work, to advance their positions. It is in this department 
that the greatest losses will occur through indifference on“the 
part of the attendants, and it is therefore of the utmost im- 
portance that their work should be carefully done. The only 
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Turbine Room of the Old Colony Street Railway at Quincy, Mass. 


engine as he passes around it to assure himself that it is in 
proper operative condition. He should be required to perform 
these duties at regular intervals of every twenty or thirty 
minutes, and his attention should be called to the time for him 
to commence his rounds by a bell or whistle, or some other 
form of signal. If there is any part requiring attention, it 
should be immediately reported to the engineer in charge, who 
will thus be given an opportunity to apply the proper remedy 
before the trouble has developed to such an extent as to cause 
damage or interruption to the service. If the oiler attends to 
his duties properly there will be no trouble from hot bearings, 
from keys, pins or bolts working loose, or from any changes 
in the adjustment of any part which it is possible to discover 
when the engine is running. 

The work of all other station employes should be systematized 
along the same lines. The watch engineers should report in 


way to accomplish this known to the writer is to place this 
department in the immediate charge of an intelligent and 
capable man, whose salary and the knowledge that the perma- 
nency of his position will depend upon the results produced, 
will be sufficient for him to keep constantly in touch with those 
immediately under him and insist upon their performing their 
duties properly. 

In most power stations records are kept of the coal and water 
consumption, the temperatures of the feed water and flue gases, 
and the station output, by which the performance of the station 
from month to month can be compared. These records furnish 
a check upon the condition of the station, the manner in which 
it is operated, and assure its being maintained in a high state 
of efficiency. 
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The eccentric fulfils the same function in an engine as a crank 
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In a growing power or lighting 
plant, the question of increasing 
the boiler capacity of the plant is 


Boiler Capacity 
and Overloads. 


frequently a most troublesome one to deal with on account of 


the fact that the extra boiler power is only needed for several 
hours each day. In many cases, the capital required to install 
extra boilers will not be a paying investment and often there 
are limitations of space which will not permit of an extension. 
The solution of this problem could best be met by using a 
storage battery but the question of increased cost in many cases 
has often deterred many plants from using them. 

A cheaper solution to the problem consists of installing a 
fan and providing forced draft. In boiler practice, combustion 
is controlled by the amount of air passing through the grates. 
As the supply of air is diminished, the fire grows dull and 
should it be shut off entirely, the fire will smoulder and finally 
become extinguished. On the other hand, if it becomes neces- 
sary to increase the intensity of the fire, and the chimney is not 
capable of producing more draft, then the chimney must be 
made higher or forced draft must be introduced. 

This method of using forced draft involves the efficiency 
of the boiler, for as soon as a boiler is forced beyond its rated 
capacity, there is a corresponding loss of heat up the chimney 
unless an economizer is used. Since, however, it is only neces- 
sary to use it for several hours, it is probable that the plant 
efficiency would not be seriously affected per twenty-four hours 
any more than with using natural draft, and cutting in and 
out of the boilers required for the extra work. 










There seems to be a widespread dislike to the use of forced 
draft for boilers and this is perhaps to be accounted for by 
the fact that forced draft has an influence upon the wear and 
tear and hence shortening the life of the boiler. Boiler makers 
are not so liberal in giving guarantees when they know forced 
draft is going to be used. 

There are many electric plants that could use a system of 
induced draft to advantage, belting the fan to a small engine or 
motor, tle speed of which can be regulated by means of the 
steam pressure in the boiler. This will make the air going 
through the grates proportional to load on the boiler when the 
draft apparatus is on the system. 

Whether, however, it would pay better to install new boilers, 
put in storage batteries or introduce a fan system, depends 
upon the first cost and cost of installation, to which must be 
added the cost of maintenance and amount of depreciation from 
which the interest on the investment can be calculated. If any 
one is preferable from an operating point of view, that one 
should receive the most favor, but if it is a matter of dollars 
and cents, a comparison of the interest on each investment will 
determine the most advisable system to install. f 
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At the recent meeting of the 
American Railway Mechanical 
and Electrical Association, Mr. 
Fred. N. Bushnell, chief engineer of the Rhode Island Subur- 
ban Railway Company, read an admirable paper on “The Power 
Station,” which is printed in another column of this issue. 
One of his remarks which should have more than passing 
notice is in reference to the scarcity of good firemen. He says: 
“In a properly constructed furnace of moderate size, equipped 
with flat grates, an intelligent and careful fireman will pro- 
duce results equally as satisfactory as any which have been 
obtained with any of the various types of mechanical stokers ; 
but the trouble is that such firemen are not plentiful and it is 
extremely difficult to secure men who will produce uniformly 
good results for long periods of time. For this reason, the 
average fuel economy in a railway power station will generally 
be found to be somewhat better where the firemen are assisted 
by some form of mechanical stoking device.” 

This same conclusion has also been drawn by experts on 
smoke prevention who say that an intelligent fireman can pre- 
vent smoke by careful firing but the difficulty has been to get 
a fireman who will be attentive at all times. Since the demand 
for good firemen exceeds the supply, the question might well 
be asked: “Why are good firemen so scarce?” Perhaps the 
best answer could be found by examining the interior of their 
pay envelopes. If, however, satisfactory evidences of the ap- 
preciation of their employer, that they were important factors 
in the economy of a plant were shown, they would not be so 
few and far between. 

The shoveling of the coal should be relatively considered to 
be the last thing required of a fireman rather than the first, 
for it is the proper relation of air introduced in the furnace per 
pound of coal burnt that gives the maximum efficiency of the 
furnace. The value of keeping a record of the coal burnt and 
water consumed, the temperature of the feed water and flue 
gases and the method of finding the amount of carbon dioxide 
in the flue gases are also important factors in the economical 
performance of a power plant. 


Why are Good 
Firemen So Scarce? 
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Mr. Bushnell further states: “Firemen are not generally 
disposed to take as much interest in their work as employees 
of other departments. They seem content to remain as firemen 
and rarely endeavor by excelling in their work to advance their 
positions. It is in this department that the greatest losses will 
occur through indifference on the part of attendants and it is 
therefore of the utmost importance that their work should be 
carefully done.” This is not to be wondered at, for in a 
large number of power plants, the fireman is the first to be 
laid off when a dull season comes around and must hunt a 
job at whatever he can get until the next season comes around. 
He has nothing to look forward to and even if he is a capable, 
industrious and willing man, he knows by his envelope that 
he is not appreciated. 

There are, however, many plants where the importance of 
saving at the coal pile is recognized and the firemen treated 
accordingly. One of these is at the St. Regis Hotel, in New 
York City, where they have an admirable system of keeping all 
records of the plant. The coal is weighed, the feed water 
measured, flue gas temperatures and steam pressures recorded 
and every item connected with the running of the plant is 
carefully kept. This plant is run with three 8-hour shifts and 
the record of each shift is kept separately each day and aver- 
aged up for the week and the fireman who shows an evapora- 
tion of the week above a certain amount of water per pound 
of coal used, is rewarded substantially for his work of that 
week. Naturally, economy is the password in that fire-room. 

It may not be practical but it certainly seems strange that 
large power plants do not have some kind of instructive course 
for their firemen, so that the things which are the most neces- 
sary to know could be told them. Instead, they are often put 
under a boss whose position depends on how much work he 
can make them do or how few he can possibly get along with, 
so that while the howl for good firemen goes up, it might be 
well to consider why they are so scarce. 
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A point of great importance in 
all electrical installations supply- 
ing light and power is the regu- 
lation of the voltage with varying load. In direct current 
systems, this problem is a comparatively simple one and has 
been solved by the use of compound wound generators. In 
alternating current systems, this question is of a more complex 
nature, since the relation of the phase of the current and 
electromotive force must be considered. 

In this country, the voltage is usually regulated by hand, 
either by means of a hand regulator in the field circuit of the 
shunt wound exciter or a hand regulator directly in series with 
the alternator fields. In Europe, however, most of the large 
plants have some sort of automatic device for regulating the 
voltage of alternators. These are usually very complex and 
are looked upon with disfavor by our engineers. 

For instance, one plan for regulating the voltage auto- 
matically is to use separately excited alternators with series 
wound exciters, the regulation of which is affected by shunt- 
ing the exciter fields. The shunt is composed of a liquid re- 
sistance into which dip two plates which are connected across 
the terminals of the exciter fields. These plates are raised and 
lowered in the liquid by means of a solenoid to vary the re- 


Voltage Regulation 
of Alternators. 





sistance of the shunt. This in turn is actuated by a thermal 
relay, which consists of two stretched wires connected to the 
secondary of a transformer. The primary of the transformer 
is connected across the main circuit of the alternator or across 
the terminals of one coil of its stationary armature. 

The pressure developed in the transformer secondary is 
therefore proportional to the alternator pressure. When the 
latter falls below normal, then less than the normal current 
flows through the relay wires. This contracts the wires, which 
actuates a switch, which causes the solenoid to lift the electro- 
lytic plates and thus increases the resistance across the field of 
the exciter. When the voltage of the alternator rises above 
normal, more current flows through the relay wire, which, by 
sagging, actuates the regulating apparatus, so that the plates 
are lowered further into the liquid, and in this manner the 
fields of the exciter are regulated so that the alternator pressure 
is kept constant. 

Considering the many chances of such a system breaking 
down or failing to operate, it is no wonder that hand regulation 
is preferred. Compounding or over-compounding has not been 
resorted to, owing to the complex effect of self-induction 
and armature reaction upon the pressure of the machine. 
Compounding that would give good regulation on a lighting 
or non-inductive load would not give the proper regulation 
when a motor or inductive load is thrown on the circuit. 

In the case of a self-excited alternator, the regulation is 
practically the same as that of a separately excited machine 
and the voltage can only be satisfactorily regulated by a hand 
regulator in the exciting circuit. 
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Concrete Floors for Engine and Boiler Rooms. 

For laying a cement floor around the boiler or engine room, 
the following proportions may be used: One part of best 
Portland cement, 3 parts of clean sharp sand and 5 parts of 
stone, broken small enough to pass through a two-inch screen. 
In preparing the concrete, the sand and broken stone must be 
first carefully washed clean immediately before being used. 
Then the cement, sand and broken stone are mixed together 
and an additional amount of water added by means of a spray 
to form a pasty mass. It can then be placed in position and 
pounded even with a light ram. The surface is then finished 
with a half-inch coat of cement in the proportion of two parts 
of cement to one part of fine, clean white sand and finished 
with a floated surface. The body of the concrete should not 
be allowed to dry before the finishing coat is applied. 





Banking Fires. 

Before banking the fire, the grates should be cleaned and 
what live fire remains should be piled against the bridge wall 
and upon the back half of the grates. Fresh coal is then added 
in a thick layer over the banked fuel and the fire is left with 
the ash pit doors closed, the fire door open and the damper 
closed or nearly so. The closing of the ash pit and the opening 
of the fire door makes the ignition of the bank of fresh coal 
very slow, so that some time will elapse before it has become 
ignited, when it will burn slowly. In starting up, the fire should 
be cleaned and spread, when it is ready for the next run. 
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ing as possible, a moderate rate will be paid by us for all contributions pub- 
lished under this heading. However, we do not assume responsibility for 
the ideas or opinions expressed. None need hesitate to contribute because of in- 
ability to draw or write well. We will redraw or revise whenever necessary—it jg 


the idea we want. New ways of doing old things, criticisms of accepted theories, 
and general engine experi are especially solicited = 
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Will the Pump Draw Water? 

A few of the many answers received on the above question, 
as asked in our October number, are given below and repre- 
sent various ideas as to how the pump can draw water under 
the given conditions. The members of the engineering society, 


where the question was first brought up, are still fighting 
about it. 


4 N ORDER to make this department of THE PRACTICAL ENGINEER as interest- 
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Certainly it Can. 
Epitor THE PRractTICcAL ENGINEER: 

With reference to the problem which appeared in the last 
“Practical Engineer” as to whether water can be pumped 
from A to B with the three pipes as shown, I say, certainly it 
can and I propose to show why. In my argument I will leave 
friction of pipes out of consideration, as it is a negligible 
quantity in this case. 
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J. S's Solution of Pump Problem. 


In starting the pump, there will be a vacuum formed in the 
upper part of pipe a. The water in the lower part of pipes a 
and 6 rushes in to fill this vacuum, creating a second vacuum in 
pipes b and ¢ which must be filled by the water in c and d, 
leaving, however, a wad of air in the upper part of pipe a, 
causing the pump to race for several strokes. The water 


having left c and d, forms a third vacuum in d and e, causing 





water in tank to be pushed by the atmosphere up to the top 
of the pipe e, but having another wad of air in front of it to 
bother the pump when it gets to it. This performance is re- 
peated until there is no more air in the pipes, when the pump 
will run steady. 

If there is any doubt about this, just let us transpose the 
pump and tank and see if the pump will force water through 
the pipe. It is the same thing except that in one case it is the 
atmospheric pressure that forces the water, and in the other 
it is the steam at the piston, and if one remembers that the 
true function of the suction of a pump is to remove the air 
resistance from one end of a body of water to allow the air 
pressure at the other end to push it along, I think the thing 
will seem plain enough. 

Montreal, Canada. is 
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Depends on Freedom of Suction Pipe from Air Leaks. 
Epitor THE PRacTIcAL ENGINEER: 

I was interested in the pump sketch on page 15 of your 
October issue, and in reference to the proposition, would say 
that the question of whether a perfect pump will or will not 
draw water is dependent solely on the freedom of the suction 
pipe from air leaks, and the height of the pump above the 
water level from which a supply is sought. Horizontal dis- 
tance, or peculiar conformations in pipe lines, cut no figure, 
except by the increased resistance to flow, due to the increased 
length and shape, and these simply diminishing the flow in 
quantity. 

In this particular case, the capacity of the pump would be 
diminished, perhaps, 25 per cent. from what it would be if the 
suction pipe ran straight across from the pump, and with one 
elbow dropped directly into the reservoir, but the pump would 
draw water. 

I take this occasion of expressing my very strong liking for 
your paper. 


New Orleans, La. J. O. Frazier. 
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Air Valves and Check Valves Needed. 
Epiror THE PRACTICAL ENGINEER: 

Noticing the controversy regarding “Will the pump draw 
water?” in the October issue, would say that if you put an air 
valve on top of each U pipe and a check on foot of pipe to 
hold pressure of water, pump being perfect and pipes tight, 
slow motion pump will have no trouble in drawing water. 

Pinla. Pa. F. E. Emory. 
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Not a Practical Problem but the Pump will Work. 
Epitor THE PRracticAL ENGINEER: 

Seeing your pump problem in the October issue, I thought 
I would like to send in my answer and see if it corresponds 
with others. 

In the first place, the problem is not practical. The ‘water 
would not gain the position as shown in the original sketch 
unless it was poured into the pipes before the pump was con- 
nected up. If there was a leak in the pump, the vacuum caused 
by the fall of the water from the pipe to the well would syphon 
the water very nearly all out of the pipes. Allowing the water 
to be as shown in the illustration, there must be a pressure in 
the pipes or they would be filled with water. Therefore, if 
the pump is started, a vacuum is created in the pipe connected 
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to the pump, which will cause the water in the pipe to rush 
up and fill that space and so on back to the well until the 
pump is pumping water direct. 


Providence, R. I. M. J. G. 
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Lift at the Start is 25 Feet so Pump will Work. 
EpitoR THE PRACTICAL ENGINEER: 

Enclosed find diagram answering the problem: “Will the 
pump draw water?” As the air is pumped out of pipe GD, 
the water will rise to G in limb GK, in the tube No. 3. It 
will also rise to F in the tube No. 2 and to H in the inverted 
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R. R. H's Solution of Pump Problem. 


tube No. 1. The tubes will now contain air from H to J and 
from F to K. We will now have a lift of GK + JF + HI = 
10+10+5=25 feet. This is the greatest lift possible 
under the conditions. Further action of the pump will cause 
water to rise above H, giving a greater lift there, but the col- 
umn GK will be shortened an equal amount, thus equalizing it. 
The water will rise from J to b and drop from F to c. Here 
we will lose a lift of 10 feet and the total lift will now be equal 
to Gd+IL=5+10=15 feet. As the pump continues to 
work, the lift will continue to decrease until all the air is 
pumped out, when the lift will remain constant at 10 feet. 
Mt. Hermon, Mass. a 2. 3, 
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Examination Questions Answered. 
Epitor THE PractTicAL ENGINEER: 

Referring to the letter of A. W. B. E., which appears on 
page 21 of the October issue of “The Practical Engineer,” I 
note that the author desires assistance on questions 1, 3 and 6. 

With regard to number one, I would say that I do not 
think it a fair question to give to an operating steam engineer 
—even to an aspirant for a first-class certificate—for it really 
belongs in the realm of the mechanical engineer and the de- 


signer. Of course, I am aware that there are some steam 
Q 


engineers who can handle such questions, but they are few 
and far between. A man would not be much better because 
of the knowledge requisite to handle this question; nor would 
he be much worse because of the lack of such knowledge—so 
far as being an operating engineer is concerned. It appears 
to me that if the requirements of the question are fully met, 
more time would be spent upon it than could be well afforded 
at an examination, if we judge according to the usual period 
of time allowed to such examination. Even to a candidate 
who has the methods of operation and short cut figures at his 
finger-tips, so to speak, the problem would require an hour or 
more. To the candidate who, at some time or other had done 
such work, but because of it not being of frequent occurrence, 
has partially forgotten the modus operandi, it would be neces- 
sary for him to think it out carefully and gather his mental 
faculties together, before he could even commence the problem. 
It is fair to assume that such a one will take about twice as 
long to arrive at conclusions as would the other just referred 
to. There is one thing certain, however, and that is, it would 
require more space to fully explain the problem to a person 
who had never before done anything of the kind than could 
be granted. It would really require a separate article, and I 
doubt if any editor would be willing to accept it for publication 
because of the very few whom it would interest. 

The answer to No. 3 may be obtained like this: The standard 
for boiler horse power is the evaporation of 341% lbs. of water 
per horse power per hour, which is 34.5 + 60 = .575 lbs. per 
horse power per minute. The 72-inch boiler will be capable 
of evaporating to the extent of from 100 to 125 horse power, 
as per the standard basis. Let us assume the lesser figure to 
illustrate, as the method will be the same, no matter what 
figures may be introduced. 

Now, by multiplying the .575 Ibs. of water, as before found, 
by the horse power which we have assumed for the boiler, we 
get .575 X 100 = 57.5 lbs. of water per minute for 100 horse 
power. To allow for possible small losses, etc., and also as a 
matter of convenience, let us say 62.5 Ibs. (which is the num- 
ber of pounds contained in one cubic foot of water), instead 
of 57.5 lbs.—that is, we will require 1 cubic foot of water per 
minute for 100 horse power. The size of the feed pipe will 
depend upon the velocity of flow which is to be given the feed 
water. For this figure let us state 100 feet per minute. The 
pipe will, therefore, require to be of such a size as to permit 
of 1 cubic foot of feed water being delivered to the boiler per 
minute, at a speed of 100 feet per minute. 

Multiply the number of cubic feet of water by 144, and 
divide the product by the velocity in feet per minute; this 
will give the area of the pipe, from which can be found the 
diameter. Therefore, 1 cubic foot X 144 = 1.44 square inches, 
area of pipe. To find the diameter, divide the area by .7854, 
and extract the square root of the quotient, or \/ 1.44 + .7854 
= 1.34 inches diameter. If the reader does not know how to 
extract the square root of a number, then let him consult a 
table of roots contained in most engineers’ pocket books. In 
the foregoing calculation, friction has not been considered. 
In order to allow for inequalities, etc., a pipe of 11-inch 
diameter would be installed with the boiler in question. Even 
if this were a little too large, it would only mean a reduced 
velocity of flow, which would not at all be a detriment, so long 
as the required quantity of water is being pumped into the 
boiler. Upon certain other assumptions, a 114-inch pipe might 
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be installed. It is the method of operation of such problems 
as the one we have been considering, that the reader must 
familiarize himself with rather than the desire to obtain an 
exact and definite figure for an answer. 

For question No. 6, the following rules and formulas may 
be applied. The manhole opening in a boiler shell weakens 
the plate to an extent equaling the amount of metal removed, 
and, therefore, it becomes necessary to re-enforce the opening 
by riveting one or two rings to the shell around the hole. The 
thickness of a single ring may be from 1.25 to 1.50 times the 
thickness of the shell plate; but when two rings are used 
(one on each side of the shell plate), the thickness of each ring 
should be the same as the shell plates. Further, the rivets 
must be so proportioned, and their number must be such, that 
the combined resistance to shearing will be, at least, equal to 
the resistance of the rings to tensile stress. 

Now, the rules are as follows: (1) When but one ring 
is to be used, to find the width, multiply the length of the 
opening in the shell in the direction of the length of the boiler 
by the thickness of the shell in inches; divide the product by 
twice the thickness of the ring, and add the driven diameter 
of the rivet to the quotient, if one row of rivets is to be used. 
If the ring is to be doubly riveted, add twice the driven diameter 
of the rivet to the quotient. 

Expressed in formula, it appears thus: 


iv’ 
w =—-+d, for a single-riveted ring, 
2¢t 
il?’ 
and w = — -+ 2d, for a double-riveted ring. 
2¢t 


In which w = the width in inches of ring. 
1= length of opening in shell. 
t’ = thickness of shell plates. 
t = thickness of ring. 
d= diameter of driven rivet. . 
When two rings are to be used, the rule and formula will 
be slightly changed, as follows: 


It’ 
w = —-++d, for single-riveted rings, 
4t 
and 
lt’ 
w =—-+ 2d, for double-riveted rings. 
4t 


In conclusion, to find the number of rivets to be used, the 
following formula may be applied: 
4Ta 
N = —W_. 
S d? X .7854 
In which N = number of rivets. 
T = tensile strength of ring per square inch sec- 
tion. 
a = net section of the ring. 
S = shearing strength of rivet per square inch 
section. 
d = diameter of driven rivet. 


S may be taken at 38,000 Ibs. 
From the foregoing, the reader can easily see that four 
different answers may be given to question No. 6, according 


to the assumptions which can be made, and each answer will 


be correct, respectively. ° 
Cuas. J. Mason. 
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Repairing Bagging in Boiler. Faulty Blow-off and Faulty 
Feed Lines. 
Epitok THE PRACTICAL ENGINEER: 

My attention was called the other day to a repair job on a 
boiler that was bagged just over the grates. The plant had to 
shut down, that being the only boiler, so, of course, there was a 
lot of kicking from the manager and owners and to make mat- 
ters worse, when the engineer had the boiler ready for the 
repairs, he could not get a boiler maker, and just as I came 
along, the engineer was about to put on his coat and hat and 
throw up the job. I stopped him and asked him what was 
wrong and he showed me the bagging, as shown in the sketch 
at b. : 

I told him I was surprised at him for throwing up the sponge 
so easily, as he could have the boiler running by night if he 
would turn to and do as I told him. The engineer went to 
work with a will and soon had the furnace in shape to work in 
by taking out the bars on one side of the furnace. Wishing to 
know just what was the cause of the bagging, I examined the 
feed line at A through the top manhole and found a short 
piece of 114-inch pipe with five or six one-half inch holes in 
it, about 3 inches apart. It was directly under the feed pipe 
where the bagging had taken place, as shown in sketch. 

On a close examination of the bagging I found no buckling ; 
simply a saucer-shaped bulge, so I told the engineer to get two 
pieces of the thickest steel plate he could find and in a short 
time he returned with two pieces 12”x 14” and 114-inches 
thick. He took them to a near-by machine shop and had them 
drilled with 11-inch holes in the centre and then they were 
taken to a blacksmith and forged as near to the circumference 
of the shell as possible. 






Tee put in after 
yor was Taken out 


Fig. 1. 


We drilled a 114-inch hole with a ratchet at a, resting the 
ratchet centre on a block on the grate bars at c. We then got 
a Wells torch and I had the flame from the torch W, turned on 
the bagged portion of the sheet, as shown in sketch. While 
the engineer was heating the sheet, I turned my attention to 
the back head in the brick setting, and on opening it up, dis- 
covered that the blow-off pipe was in a bad place, as shown at F. 

The combustion chamber was quite wet at g and on close 
examination, I found a brass box union at D. I told the helper 
to hit it a light tap with a hammer with the result that it broke 
in several pieces; a very good thing, because it might have 
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given way sooner or later and killed somebody. The blow-off 
pipe was replaced and the union put outside of the setting. 
This was soon done, as I did not deem it necessary to take the 
blow-off pipe out entirely. I rearranged it by putting in a 
straight single piece that was long enough to reach out through 
the setting and then I put a tee between the blow-off valve and 
the wall. I put a nipple and a globe valve outside of this tee, 
the use of which I will explain later. 





O- Ie "hole 


Stee! Piate ‘ 
14" X12" NG 











Ii" thier 


pL thick 
4+ 





Bolt ot long 
Fig. 2. 


After the bagged part of the sheet was well heated, the two 
plates were put over the bagging, as shown at G in Fig. 2, and 
the nut drawn down good and tight. As the nut was being 
drawn down, the plate was struck light blows at h and h’ and 
after heating the bagged part twice, it was drawn nicely into 
place. 

The hole made for the bolt was somewhat distorted after 
removing the plates but with the aid of an 114-inch rose-bit 
reamer, the hole was made round and smooth. A rivet was 
fitted to the hole, cut to the right length, heated and put in the 
hole, driven up tight and a good job was done. 

The blow-off pipe was changed later from the position shown 
in solid lines at F to that shown in dotted lines at F’, Fig. 1. 
The feed pipe at A was extended to within 20 inches of the 
back head but is now used only in emergency. The nipple and 
globe valve referred to above are now connected to the boiler 
feed pump and the old blow-off pipe is now used as the feed 
pipe. The new blow-off pipe at D’ was covered with 2-inches 
of asbestos where exposed to the intense heat of the flames. 

The rivet never leaked and since the boiler is being fed 
through the old blow-off pipe, no scale has settled on the bot- 
tom sheet anywhere. 


Depew, N. Y. C. W. D. 
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Leaky Tube in Feed Water Heater Caused Poor Boiler Supply. 
Epiror THE PRACTICAL ENGINEER: 

In reading the letter by C. W. D., in the October issue, on 
the pitted overflow pipe in heater calls to mind an experience 
I had some years ago in a plant which consisted of one return 
tubular boiler, one slide valve engine, one duplex boiler feed 
pump and a closed feed water heater. 

_ One day I noticed that the pump would not furnish enough 
water for the boiler at the same speed it always had been run- 
ning and I had to open the steam valve more to make the pump 
run faster, but the next day the pump also refused to furnish 
enough water at the faster speed. I examined the water end 
and valves but found everything in good condition. 


I could not tell what the matter was, as the pump was large 
enough to supply two boilers of the size we were using, until 
one day I had to make some repairs on the drain pipe of the 
exhaust pipe, when I noticed that quite a little water was 
coming out of the exhaust pipe. Then it dawned on me that 
some of the tubes in the heater must be leaking. I managed 
to pull through until the next Sunday, when I examined the 
heater and found one of the tubes cracked. I put in a new 
tube and piped up the heater so that in case this trouble should 
occur again I could pump water in the boiler without passing 
it through the heater. 

Milwaukee, Wis. 


H. J. 
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L. A. H., of Clinton, Iowa, Makes Correction in Formula for 
Boiler Head Bracing. 
Epitor THE PRACTICAL ENGINEER: 

In my article on “Boiler Head Bracing” in the October num- 
ber of “The Practical Engineer,” the formula for the area of 
segment was misstated and is therefore misleading. It should 
be as follows: 

VD 
— .608 


4 h? 








A= x 
h 

where A = area of segment, h = height of segment and D = 

diameter of boiler. Kindly rectify this. 


Clinton, Iowa. L. Ae EE 
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Does Not Understand Boiler Foaming. 
EpitoR THE PRACTICAL ENGINEER: 

In the October issue of “The Practical Engineer,” Mr. A. E. 
Rhodes has an article on boiler foaming. I do not quite under- 
stand it. Does he mean to say that the exposure of that piece 
of feed pipe to the direct action of the fire caused the boiler to 
foam? If so, it is the first time that I ever heard that the 
heating of the feed water catised a boiler to foam and I thought 
that some engineers ran their feed pipe below the shell of their 
boiler so as to heat the feed water before it entered the boiler. 
I may be mistaken in this, but if my memory serves me right, 
I have seen the feed pipe described entering the combustion 
chamber before entering the boiler. I would also like to know 
if Mr. Rhodes found anything else that had any effect on the 
foaming of that boiler. 


Fall River, Mass. Morse 
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Lighter Oil Cured Groaning Pump. 
EpitorR THE PRACTICAL ENGINEER: 

I once had a boiler feed pump of the single-acting type that 
made a groaning noise in the steam cylinder and I did every- 
thing I could think of to stop the noise but to no avail. One 
day, however, an oil agent came into my engine room and I 
told him about my trouble, with the hope that he probably had 
an oil which would stop the groaning. 

He advised me to use a lighter oil than I had been using, 
so I ordered a five-gallon can, thinking, however, that it would 
be no good, but to my surprise, when I used the lighter oil. 
the groaning in the cylinder stopped. I now use a lighter oil 
for my pumps than I do for my engine and I have not had 
any more trouble. 


Milwaukee, Wis. H. f. 
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HE editer will bc Z)ad to receive from the resders of THE PRACTICAL EN- i 
6 GINEER, suck quenions relating to engineering eubjects, as may, from time 
te time, eccur te them. All questions and answers should be addressed to 

the editor and accompanied by the name and address of the writer, which will not 
be published, however, unless especially desired. It is the intention that questions 
shall be answered by the readers, and even though the editor may, from time to time, 
publish answers and questions, he especially desires the readers in such cases to 
contribute any further inf i in with the points raised, that they 
may consider ef interest. Allq and s ived by the editor will be 
) published, as far as practicable, but he reserves the right of editing or 


& rejecting any communication. ~) 


Speed of Balance Wheel. 
Epitor THE PractTicAL ENGINEER: 

I have a balance wheel 66 inches in diameter, the rim of 
which is 214 inches thick and 314 inches wide. The wheel 
has 6 spokes, the outer ends of which are 17/, x 2 inches. The 
wheel runs true and seems in good balance. Will you please 
tell me what is the highest speed this wheel will run with 
safety? 

Elwell, Mich. J. R. M. 

The speed of a wheel of this kind is seldom allowed to ex- 
ceed 5000 feet per minute, which in this case gives 245 revolu- 
tions per minute.—[ Ed. ] 
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Amount of Water Escaping Through a Crack in a Boiler. 
Epitok THE PRACTICAL ENGINEER: 

I have a question that was given to me in my examination 
and I would like to have you solve it through your paper. 

A boiler has a crack 5 inches long and 7/j,o99ths of an inch 
wide. With a boiler pressure of 120 pounds per square inch, 
how many gallons of water will be discharged through the 
crack in one hour? 

Ashland, Wis. H. G. 

Assuming that the crack is the same as an orifice, the area 
of the opening is .005 of a square inch. The head of water on 
the orifice, due to the pressure alone, is 120 X 2.304 = 276.48 
feet. 

The quantity of water flowing through an opening is equal 
to the area of the opening multiplied by the velocity. The 
theoretical velocity of flow is the same as that acquired by a 
body falling freely in a vacuum through a height equal to 
the head of water on the orifice. 

If V is the velocity of flow per second and h is the head in 
feet, then 





V=8.02 Vh 
In the given problem, since h is 276.48, V = 8.02 V/ 276.48 = 
8.02 X 16.6 = 133.13 feet per second. 

Then if a=area of the opening in square feet and V = 
velocity in feet per second and Q is the quantity of water in 
cubic feet flowing from the orifice per second, then 

O-4 ¥ 
in which a = .005 — 12 = .00041 and V = 133.13, from which 
QO = .00041 X 133.13 = .0545 cubic feet per second or 196.2 
cubic feet per hour, and since one cubic foot of water equals 
7.48 gallons, the number of gallons flowing from the opening 
per hour will be 196.2 X 7.48 = 1467.5 gallons. 

This amount gives the theoretical quantity flowing from 


the opening. It is probable that this quantity will be reduced 
by the friction of the water going through the opening. Each 
opening has a certain coefficient of discharge, which is usually 
somewhere about 0.6( so that the actual number of gallons 
flowing through the opening would be about 1467.5 XK 0.6= 
880.5 gallons.—[Ed]. 
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Why does Injector Force Water into Boiler? 
Epiror THE PrRAcTICAL ENGINEER: 

1. Please state what is meant by the mesh of a screen, as 
40 mesh, etc. 

2. Why does an injector force water into a boiler? 

3. Does linking up an engine with reverse lever economize 
saving of steam when governor is used? 

4. Can cast-steel be welded? 

Ashland, Oregon. J. &. G. 

1. By a 40-mesh screen is meant one which has 40 openings 
or wires per inch. 

2. The injector, when feeding a boiler, utilizes the velocity 
of the steam pressure coming direct from the boiler. The 
steam on entering the injector passes through a steam-jet which 
is shaped in the best possible form to increase the original 
velocity of the steam. This creates a vacuum in the suction 
pipe and draws the water into the injector. The contact of 
the water with the steam condenses the steam and the velocity 
of the steam is imparted to the water, creating a sufficient 
momentum which forces the feed water into the boiler against 
any pressure that may be in it. 

3. The function of the governor is to regulate the amount 
of steam entering the cylinder for each stroke so that it is not 
plain why linking up will give a greater economy for a given 
speed and load. In the case of locomotive or marine engines, 
the engine is linked up so as to get the greatest speed with the 
least expenditure of steam. 

4. When cast-steel is heated it becomes quite malleable and 
can be welded.—[ Ed. ] 
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The New Wonder Oil Filter. 

An oil filter is as necessary around a power plant as any 
piece of apparatus which saves the cost of operation, for by 
its use, the lubricating oil may be used over and over again, 
and a large amount of the oil bill saved. 

Of the various types of oil filters on the market, the New 
Wonder Oil Filter, shown in the accompanying illustration, 
represents a type which differs widely from those in general 
use, but which depends upon scientific and economic principles 
for its operation. A represents the receiver where the dirty 
oil and water are poured in; I is the chamber in which the 
dirty oil and water separate, the oil floating to the top. The 
oil and water then pass through holes in the dividing parti- 
tion, forming the water line at C. D is a floating diaphragm, 
which contains the filtering material and which is of sufficient 
weight to keep it about half immersed in the oil to be filtered. 
F is a folding tube which adjusts itself to the position of the 
float, and carries the pure oil:down to the closed chamber H. 
Any air which is bound in chamber H escapes up through the 
tube and out at J. Pure oil is then drawn from spigot G, and 
impurities and dirty water from B. 

Its operation is as follows: After the mixture of dirty oil 
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and water is poured in at A, the dirty oil adjusts itself to its 
level above the water, and flows over into the filtering chamber. 
The float resting on the oil has a bottom consisting of filtering 
material, and the oil passes up through it, as shown by the 
arrows, thus filtering from the bottom upwards. The clean oil 
then flows through perforations in the pipe F, and by gravity, 
into chamber H. 

Any impurities in the oil gather on the bottom of pad D, 
and as soon as much of it collects there, the force of gravity 
and its own weight carry them to the bottom of the tank at B. 
There are several reasons, then, why the filtering pad will re- 
main clean a very long time: The first is, that much of the 
larger impurities never reach the pad; the second is, that even 
if the smaller impurities do reach the pad, they are often dis- 
lodged by gravity; and the third is, that no dirt can work into 
the filtering material. 

The pad consists of a felt material which can be had any- 
where for small cost, and if it should become necessary to 
clean it, a thin bottom layer of the material can easily be re- 




















The New Wonder Oil Filter. 


moved, when it is as good as ever. The filtering material being 
at the bottom of the float, which rises and falls, according to 
the quantity of oil in filter, encounters the minimum impurities, 
and the filter is generally cleaned, efficiently, by merely draw- 
ing off the dirty water and replacing by clean water. 

The manufacturers of the New Wonder Oil Filter are the 
Abbott Filter Manufacturing Co., of Lambertville, N. J., who 
send them on thirty days’ trial, to any one desirous of trying 


one. 
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The Wheeler-Mullin High Vacuum System for Steam Turbines. 
The development of the steam turbine to its present state of 
efficiency has depended to a great extent upon the improve- 
ments in the auxiliaries used in connection with the steam tur- 
bine. The most important of these is the condenser, as it is 
absolutely necessary to secure the highest vacuum and efficiency 
obtainable for the successful operation of the turbine. 

This is also true for the reciprocating engine; but in no 
wise to the same degree as in a steam turbine. In a recipro- 
cating engine, a 26-inch vacuum is about the highest it pays to 
strive for; but with a steam turbine, the guarantees of econ- 
omy are most frequently based on a 28-inch vacuum. This 
requires a surface condenser of the best design. 

The principal reason why a good vacuum is so necessary 
with a steam turbine is because the turbine uses the steam 
far more economically during the low-pressure part of the 
expansion than it does with the high-pressure part, so that it 





is important to squeeze out every drop of energy by obtaining 
a good vacuum. 

To meet these new conditions, the C. H. Wheeler Condenser 
and Pump Co., of Philadelphia, are placing on the market a 
new high-vacuum system, especially designed for steam turbine 
service. The arrangement of the condenser provides from 30 
to 40 feet of lineal travel of the condensing water which first 
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Fig. 1. 


enters the upper tubes and is discharged from the lower ones, 
thus permitting rapid circulation of the injection, and allow- 
ing the water of condensation to leave the condenser within a 
few degrees of the temperature due to the vacuum. 

Working in connection with the condenser is the Mullin 
suction valveless air pump of the crank and fly wheel design, 
by means of which the highest vacuum is obtainable with the 
least cost of operation. As will be noticed in the accompany- 
ing diagram, Fig. 1, the steam cylinder and air cylinder are 
of tandem construction, the steam cylinder being equipped with 
a governor, so as to regulate the amount of steam necessary 
to do the work required by the air pumps. 

The circulation water is handled by a centrifugal pump driven 
by its own independent engine. By reason of the small re- 
sistance and the large volume of water, which are the condi- 
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Fig 2. 


tions of a good vacuum, this type of circulating pump gives 
the best satisfaction for all classes of high vacuum work. 

When electricity is available, as it is in most turbine plants, 
a motor can be used to drive the air pump. When a motor is 
used, as shown in Fig. 2, it is connected to a triplex Mullin 
air pump, also suction valveless, which insures the highest 
vacuum possible. 

More detailed information may be had regarding this new 
system by addressing the manufacturers, C. H. Wheeler Con- 
denser and Pump Co., 1800 Lehigh Ave., Philadelphia, Pa. 
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TWENTY-FOURTH CONVENTION OF THE AMERICAN 
STREET RAILWAY ASSOCIATION 


When the twenty-fourth convention of the American Street 
Railway Association began its session in the Exposition Build- 
ing, in Philadelphia, on Monday, September 25th, it represented 
one of the most brilliant gatherings of traction engineers and 
experts ever held in this country. The session of the Associa- 
tion was opened by W. Caryl Ely, president of the parent Asso- 
ciation, who called the convention to order and introduced 
Mayor John Weaver, who delivered the address of welcome 
and presented the keys of the city.to the delegates. At the 
conclusion of his remarks, the Mayor was cheered heartily. 
President Ely then delivered his address, in which he thanked 
the Mayor for his kind welcome and then turning to the more 
serious business of the Association, he proposed the closer 
affiliation of the American Railway, Mechanical and Electric 
Association and the Street Railway Accountants’ Association, 
so that they could all pull together and work harmoniously, 
as there is nothing more important to the public welfare than 
the apparatus used in the transportation of the public, so that 
the machinery of the organization should run as smoothly as 
possible. 

After this formal opening, a meeting of the American Rail- 
way Mechanical and Electric Association, one of the allied 
bodies, was held and an address was made by Daniel M. Brady, 
president of the American Street Railway Manufacturers’ As- 
sociation, and was responded to by C. F. Baker, superintendent 
of motive power and machinery of the Boston Elevated Rail- 
way Company and president of the American Railway Mechan- 
ical and Electrical Association. The executive committee re- 
ported 203 members, an increase of seventy over last year. 

In the afternoon, papers were.read by C. H. Hile, superin- 
tendent of wires of the Boston Elevated Railway Company, 
and by L. P. Crecelius, chief electrician of the United Railways 
of St. Louis. Mr. Hile chose “Power Distribution” for his 
subject and took the five latest stations of the Boston Elevated 
Railway Company as representative of the modern type of 
station. They include in their equipment direct-current units 
varying from 800 to 2700 kilowatts rated capacity. These five 
stations are tied together and operate in parallel, the tie between 
stations being accomplished through feeder wires running into 
so-called feed sections common to two or more stations. The 
advantage of this arrangement is evidenced by the high load 
factor of the individual stations. A point brought out by Mr. 
Hile, which is contrary to the popular understanding, was the 
fact that not only are underground cables more costly than 
overhead lines, but they are more costly to maintain and the 
chances for trouble to the transmission system are greatly 
increased. 

The paper by Mr. L. P. Crecelius, on “The Power Station 
Load Factor as a Factor in the Cost of Power,” showed the 
advantage of connecting several stations by means of bus-bars 
and shutting down certain ones completely during periods of 
light load. In this connection, the writer described the system 
of the United Railways of St. Louis, which has in operation 
four power stations. Two of the larger stations, one of 13,590 
kilowatts and one of 7000 kilowatts capacity, are kept in opera- 


tion contiuously, and constitute the main central stations, The 
two smaller stations are operated on swing watches on ‘week- 
days, that is, operated during peak hours only. Bus wires have 
been run from the larger stations to both the smaller ones and 
there connected through circuit-breakers and double-throw 
switches. The resulting economy in this case more than 
justifies the expenditure of a good many dollars in bus wires 
and also the resulting increase in the cost per kilowatt hour of 
the power generated under this arrangement in the smaller 
stations. The installation of a storage battery which is located 
in the business district of the city where the traffic is very con- 
gested, has improved the character of the service during rush 
hours. 

The greater part of Monday afternoon was spent by the 
delegates and their friends in viewing the exhibits, which were 
displayed in the spacious exhibition hall. These included street 
railway apparatus of all kinds and engine room supplies. Great 
care and good taste were displayed in arranging the exhibits 
and as the different booths were fitted with electrical signs, 
brass railings, and handsome rugs and furniture, the delegates 
were unanimous in declaring it one of the most attractive 
ever given. : 

On Tuesday morning, the American Railway Mechanical 
and Electrical Association continued their business session. 
The report of the committee on “Control Apparatus” was ren- 
dered in the form of two papers, of which one on “Multiple 
Unit Systems of Train Control” was written by Hugh Hazel- 
ton, and the other on “Series Parallel Railway Controller,” 
was written by W. A. Pearson. Modern methods of treating 
rail joints was then taken up in the paper on “The Treatment 
of Rail Joints,” read by Mr. F. G. Simmons. 

In the afternoon, the most interesting paper on “The Power 
Station” was read by title, the author, Mr. Fred. N. Bushnell, 
not being present. The “Track Brake” was also discussed, to- 
gether with abstracts from the “Question Box.” The follow- 
ing officers were then elected: President, H. H. Adams, Bos- 
ton; first vice-president, F. G. Simmons, Milwaukee; second 
vice-president, J. S. Doyle, New York; third vice-president, 
Paul Winsor, Boston; secretary and treasurer, S. W. Mower, 
Detroit. Executive Committee: W. S. Twining, Philadelphia ; 
F. N. Bushnell, Providence; W. B. Reed, New York; A. D. 
Campbell, Seattle. 

A reception in the evening was given by the local reception 
committee at the Bellevue-Stratford Hotel. 

On Wednesday, the main business of the annual convention 
began. The president, W. C. Ely, in his annual address, de- 
clared against municipal ownership of street railways and pro- 
posed getting ready to fight it when it begins to be a political 
issue. At the same session, the association adopted a new con- 
stitution which changes its name to the American Street and 
Interurban Railway Association and allows it to admit to mem- 
bership a greater number of allied bodies. The evening was 
devoted to a theatre party. 

At the business meeting on Thursday, W. E. Ely was unan- 
imously re-elected to the presidency and the others chosen were: 
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Vice-president, J. I. Beggs, of Milwaukee; second vice-presi- 
dent, C. G. Goodrich, of Minneapolis; third vice-president, 
James F. Shaw, of Boston. The papers read at this meeting 
were “Notes on the Design of Large Gas Engines,” by Arthur 
West, and “The Application of Gas Engines to Electric Rail- 
way Work,” by J. R. Bibbins, both of which were freely dis- 
cussed. On Thursday afternoon, the paper on “The Single 
Phase Railway System,” by Mr. Chas. F. Scott, and “Electric 
Railway Equipment,” by Mr. W. B. Potter, were read and 
discussed. 

The principal social event of the session took place on Thurs- 
day evening, at the Bellevue-Stratford Hotel. Covers were laid 
for several hundred and among the guests were many women. 
The tables were laid in the ballroom, which had been trans- 
formed into a floral bower. An orchestra, occupying the stage, 
was screened from view by many palms. In view of the 
diners was a miniature trolley car, perfect in every respect and 
beautifully illuminated. Mayor Weaver was the guest of 
honor and made a speech on the important part electricity has 
played in the city’s progress. Mr. W. E. Ely presided and 
John B. Parsons, president of the Philadelphia Rapid Transit 
Company, acted as toastmaster. The other speakers included 
Mr. Thomas N. McCarter, president of the Public Service 


Chas. K. King, Ohio Brass Co.; Geo. J. Kobusch, St. Louis Car 
Co.; Charles C. Peirce, General Electric Co.; Howard F. 
Martin, Pennsylvania Steel Co.; James H. McGraw, McGraw 
Publishing Co.; John W. Nute, St. Louis Car Wheel Co.; 
Frank C. Randall, National Electric Co.; Newcomb Carlton, 
Westinghouse Co.; Wm. Wharton, Jr., of Wm. Wharton, Jr., 
and Co.; W. H. Whiteside, Allis-Chalmers Co.; E. M. Wil- 
liams, of Sherwin-Williams Co. 

The many exhibitors included the General Electric Co., Allis- 
Chalmers Co., A. & J. M. Anderson Mfg. Co., Gould Storage 
Battery Co., Electric Storage Battery Co., Electro-Dynamic 
Co., Chicago Pneumatic Tool Co., National Electric Co., 
Crouse Hinds Co., American Steel and Wire Co., H. W. Johns- 
Manville Co., and Westinghouse Co. 

Among the exhibitors representing engineering supplies were 
the Dearborn Drug and Chemical Company. Their booth was 
ornamented with all kinds of vegetables, which called attention 
to their “vegetable boiler compound.” They supplied their 
friends with free telephone service and a warm welcome was 
extended everybody by Messrs. Robert F. Carr, William P. 
McVicker, Grant W. Spear and their popular Philadelphia 
manager, Thomas Brannan. 

The Buckeye Engine Company had an attractive booth 





The Street Railway Convention in Session. 


Corporation of New Jersey; George G. Blackstock, John I. 
Beggs, Eugene Griffin and James Rawle. 

On Friday, the Street Railway Accountants had their day 
discussing questions of accounting and finance. In the after- 
noon, a trolley ride was given to the ladies through Fairmount 
Park and the evening was devoted to a vaudeville entertain- 
ment. By Saturday, those of the delegates who were not 
homeward bound, went down to Atlantic City, N. J., where 
they enjoyed the sea breezes until Monday. 

The exhibits were under the supervision of the American 
Street Railway Manufacturers’ Association and it was the first 
exhibition held under their supervision. The membership of 
the association now numbers 254 manufacturers, of which 183 
were exhibitors at the convention. The exhibition in general 
possessed the appearance of what is usually seen at World’s 
Fairs, rather than the usual hasty temporary structures which 
are to be expected at short exhibitions. The executive com- 
mittee consists of J. R. Ellicott, Westinghouse Traction Brake 
Co.; John A. Brill, J. G. Brill Co.; Charles Knickerbocker, 
Griffin Wheel Co.; F. S. Kenfield, Kenfield Publishing Co. ; 


decorated with photographs of various types of Buckeye en- 
gines. A model of their “Class B” was also shown. The booth 
was in charge of Mr. C. H. Weeks, who presented everyone 
with a flower for his buttonhole. 

The Peerless Rubber Company had an attractive display of 
Peerless packing, Rainbow packing, Eclipse gaskets, Wizard 
gaskets for superheated steam, and many of their other rubber 
specialties. The company was represented by J. L. McGilvray, 
F. O. Donnell and W. J. Courtney. 

The George W. Lord Company’s exhibit was very neat and 
very expressive, there being on exhibition many specimens of 
scale which have been met with in practice. The genial Capt. 
J. E. Doughty was at his post every day and late into the night 
making himself agreeable to all delegates and visitors. 

The Harrison Safety Boiler Works had on exhibition one 
of their feed water heaters and purifiers and a Cochrane sep- 
arator which had a section cut out so that the interior could be 
examined. 

The Lagonda Manufacturing Company exhibited their four 
well-known appliances: The Wiendland tube cleaner, tube 





THE PRACTICAL ENGINEER. 





November, 1905. 





32 


cutter, damper regulator and reseating machine. Mr. H. F. 
Weinland, vice-president, and Mr. L. B. Mellor entertained 
all visitors. 

The Under-Feed Stoker Co. were represented by D. H. 
Hunter, Jr., Charles Bond and C. S. Crowell. Their exhibit 
consisted of photographs of recent installations made in electric 
power plants. 

Adam Cook’s Sons, 313 West St., New York, exhibited and 
distributed a number of samples of their well-known “Albany 
Grease.” The company was represented by Adam Cook and 
C. E. Tanberg. 

The Jolt Lubricator Co. had on exhibition samples of the 
thousands of lubricators which have satisfactorily and econ- 
omically solved the problem of applying oil directly and auto- 
matically to motor and axle bearings in place of grease. 

Cyrus Borgner had an attractive exhibit of all kinds and 
shapes of fire brick for steam boilers and other purposes. Mr. 
Carl A. Dickel was in charge of the exhibit. 

The Parker Boiler Company had on exhibition a section of 
the type of boiler which will be installed in the Phila. Rapid 
Transit Co.’s new power house. 

The Oil and Waste Saving Machine Co. had on exhibition 
their “Rochester Waste Machine,” which reclaims 9o per cent. 
of the oil and leaves the waste in a better and more absorbent 
condition than when new. 

Mesto Machine Co., of Pittsburg, had an exhibit of hand- 
some photographs and catalogues of their Corliss and Rolling 
Mill engines. Mr. Walter G. Tatnall, Philadelphia representa- 
tive, was in charge. 

Manning, Maxwell and Moore had a fine exhibit of Hancock 
Valves, Injectors, Inspirators, Gauges, Safety Valves and In- 
dicators. Mr. Thos. Keogh and Mr. G. B. Gosman were in 
charge. 

Dixon’s Graphite was finely displayed in a corner booth. 
Graphite for lubricating, paint and belt dressing was shown 
and large graphite crucibles were conspicuously displayed. 

The United States Metallic Packing Co. had on exhibition 
a large model of their piston rod packing, which was examined 
with much interest. 

Warren, Webster Co. had on exhibition a feed water heater 
and a number of automatic radiator valves used on their heat- 
ing system. 

The Galena Signal Oil Co. had a large booth in which they 
received their friends and exhibited neatly arranged samples 
of power house and engine oils. 
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Book Reviews. 

Electrician’s Handy Book, by Prof. T. O’Conor Sloane. 
Pocket book style. 768 pages and 550 illustrations. Bound in 
red leather, with titles and edges in gold. Norman W. Henley 
Publishing Co., 132 Nassau St., New York, publishers. Price, 
$3.50. 

This is a thoroughly practical reference book, covering the 
entire field of electricity. Everything in it is to the point and 
can easily be understood by the student, the practical worker 
and the every-day working electrician, as it contains no useless 
It is clearly written in a comprehensive manner and 





theory. 


begins by explaining the fundamental laws and principles of 
the subject, from which the reader is gradually taken to the 
more advanced branches of the science. 

Among the 41 chapters which are of special interest may be 


mentioned those pertaining to storage batteries, direct current 
armature winding, generator and motor construction, trans- 
formers, management and care of dynamos and motors, station 
notes, methods of distribution, lightning arresters, electric rail- 
roads, electric measuring instruments and measurements, elec- 
troplating wiring, electric heating, telephony and wireless 
telegraphy. 

Each subject is illustrated clearly so that long explanations 
are not necessary and the whole book shows a desire on the 
part of the author to economize the reader’s time. This is also 
especially true of the indexing, which is very clear and by 
means of which even the smallest article in the book may be 
found. , 
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A New Monthly Journal for Woodworkers. 

Wood Craft, a new magazine, dealing with the general field 
of woodworking. Published monthly by the Gardner Publish- 
ing Co., Cleveland, Ohio. Price, $1.00 per year. 

If it were not for the announcement that the October number 
of this magazine was the initial number, it would easily be sup- 
posed from the quality of the editorial work and number of 
pages that it had been in existence for years. 

This paper will go to patternmakers, cabinetmakers, furniture 
factories, cooperage shops, sash, door and blind manufac- 
turers, woodenware shops, launch and boat builders, saw and 
planing mills, veneer plants, and every business enterprise 
utilizing wood-working machinery. 

The publisher and editor of “Wood Craft” have had con- 
siderable experience in the publication of trade journals and it 
is their purpose to produce an instructive magazine of a tech- 
nical character. “The Practical Engineer” wishes them the 
greatest success in their new enterprise. 





£) 
VV 


Refrigerating Engineers. 

The annual meeting of the American Society of Refrig- 
erating Engineers will be held in New York City, on December 
4th and 5th, in the rooms of the American Society of Me- 
chanical Engineers, at No. 12 W. Thirty-first Street. 
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Delaware Council. 

Delaware Council No. 1, American Order of Steam En- 
gineers, held an open meeting at their Council rooms, 612 
Shipley Street, Wilmington, Delaware, on Tuesday evening, 
October 3rd. There were upwards of a hundred engineers 
present and the evening was an enjoyable one in every way. 

Past Chief Engineer A. E. Deakyne acted as master of cere- 
monies. A feature of the meeting which attracted considerable 
attention was an exhibition of a one-horse power Corliss engine 
built by members of the Council, Mr. Gottleib Hoffmeier and 
Mr. Chas. Draper. Mr. Hoffmeier gave an interesting lecture 
on his engine describing its valve gear and other features of 
importance. Brief addresses were also delivered by Past 
Supreme Chief Geo. W. Richardson, Past Supreme Chief 
Moore, Deputy Supreme Chief Frank J. Cannon and L. L. Rice. 
Mr. Richardson also gave an interesting description of the 
mechanical equipment of the Pencoyd Iron Works of Phila- 
delphia. After the meeting all present were conducted to a 
nearby hostelry where a delightful supper was served. 
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RAINBOW 
PACKING 








The only thoroughly reliable flange packing in the world. 
Can’t blow Rainbow out. 

For steam, hot water, oil, ammonia, air or cold 
water joints. 

Eighty five per cent of the power houses in the United 
States use the celebrated RAINBOW PACKING. 
Isn’t this a flattering testimonial ? 


MANUFACTURED, PATENTED AND COPYRIGHTED EXCLUSIVELY BY 


THE PEERLESS RUBBER 
MANUFACTURING GO. 


16 WARREN STREET, NEW YORK 


16-24 Woodward Avenue, Detroit, Mich. 202-210 South Water Street, Chicago, III. Railroad Way and Occidental Avenue 
Corner Common and Tchoupitoulas Streets, 634 Smithfield Street, Pittsburg, Pa. Seattle, Wash. 

New Orleans, La. 1621-1639 17th Street, Denver, Colo, 1221-1223 Union Avenue, Kansas City, Mo. 
210-214 N. Third Street, St. Louis, Mo. 220 South Fifth Street, Philadelphia, Pa. 709-711 Austin Avenue, Waco, Texas 
1218 Farnam Street, Omaha, Neb. 17-23 Beale Street and 18-24 Main Street, 51-55 North College Street, Charlotte N. C. 
16-18 S. Capitol Ave., Indianapolis, Ind. San Francisco Cal. Corner Ninth and Cary Streets Richmond. Va. 














THE PRACTICAL ENGINEER. December, 1905. 














Kick trouble through the window. 

Bad packing is the engineer’s worst enemy. 
Try “COBBS” Piston Packing and 
“INDESTRUCTIBLE” Sheet Packing, and 
stop your kicking. 

















MANUFACTURED AND PATENTED BY 


New York Belting and Packing Co., Ltd. 
91-93 Chambers Street, New York 


BRANCHES 
Philadelphia, 724 Chestnut Street Indianapolis, 229 S. Meridian Street Buffalo, 600 Prudential Building 
Chicago, 150 Lake Street St. Louis, 218 Chestnut Street Pittsburgh, 528 Park Building 
San Francisco, 605 Mission Street Baltimore, 114 W. Baltimore Street Spokane, Washington, 163 S. Lincoln St, 


Boston, 232 Summer Street 
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